Manual  of  Chemistry. 


li 


ii 


■ 


A  MANUAL 

OP 

CHEMISTEY 

Inorganic  and  Organic 

WITH 

AN  INTRODUCTION  TO  THE  STUDY  OF  CHEMISTRY. 


BY 

ARTHUR  P.  ^UFF, 

M.D.,  B.Sc.  (LoND.),  M.R.C.P.  ; 

FKLLOW  OF  THE  INSTITUTE  OF  CHEMISTRY  ;  FELLOW  OF  THE  CHEMICAL 
SOCIETY  ;  PHYSICIAN  TO  OUT- PATIENTS  IN  ST.  MARy's  HOSPITAL,  AND 
LECTURER  ON  MEDICAL  JURISPRUDENCE  AND  TOXICOLOGICAL  CHEMLSTRY 
(LATE  DEMONSTRATOR  OF  CHEMISTRY)  IN  THE  MEDICAL  SCHOOL  ; 
EXAMINER  IN  FORENSIC  MEDICINE  TO  THE  UNIVERSITY  OF  LONDON  ; 
EXAMINER  IN  PUBLIC  HEALTH  TO  THE  ROYAL  COLLEGE  OF  PHYSICIANS, 
LONDON. 


ILLU.riRATED   WITH  36  ENGRAVINGS. 


CASSELL    &    COMPANY,  Limited: 

LONDON,    PARIS   d:  MELBOURNE. 

1892.  ' 

[ALL  RKIHTS  RESERVED.] 


BCKAL  OOLLS<?«  Of  PH'fflnOIAUt 

CLA33 

AOCN. 

aOURGS- 

OATft 

PEEFACE. 


This  book  is  intended  as  a  guide  to  the  study  of 
chemical  science  for  the  use  of  students  of  medicine. 
Now  that  Chemistry,  and  especially  Organic  Cheniistiy, 
has  become  so  vast  a  science,  the  student  of  medicine 
is,  on  the  one  hand,  apt  to  find  himself  out  of  his 
depth  in  attempting  the  perusal  of  the  larger  hand- 
books on  the  subject ;  and,  on  the  other  hand,  with 
many  of  the  smaller  works,  excellent  in  their  way, 
he  is  hampered  by  omission  of  matter  essential  to 
the  successful  after-study  and  practice  of  medicine. 
Tliis  book  has  therefore  been  written  to  bring  to- 
gether in  a  concise  form  those  portions  of  chemical 
science  that  directly  or  indirectly  bear  on  the  study 
and  practice  of  medicine. 

To  gauge  correctly  the  wants  of  the  student  of 
medicine,  and  to  appreciate  rightly  the  position  that 
must  be  assigned  to  the  study  of  Chemistry  amongst 
liis  multifarious  work,  can,  in  my  opinion,  be  best 
done  by  one  who  has  himself  been  through  the 
courses  of  study  and  work  required  for  qualifying  in 
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medicine.  I  have  therefore  undertaken  the  task  of 
writing  this  book  in  the  hope  tliat  it  may  siipjily  a 
long-felt  want,  and  that  it  may  assist  the  student  in 
acquiring  a  sound  knowledge  of  the  fundamental 
principles  of  Chemistry. 

A.  P.  L. 

47,  Weymouth  Street,  W. 
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INTRODUCTION   TO   THE    STUDY  OF 
CHEMISTRY. 


CHAPTER  I. 

Matter  —  Solids  —  Liquids  —  Gases — Latent  Heat — Mixtures  and 
Chemical  Compounds — Chemical  Attraction — Heat  produced 
by  Chemical  Action. 

ITIatter. — In  order  to  commence  the  study  of 
Chemistry  clearly  and  definitely,  it  is  absolutely  neces- 
sary tliat  the  student  should  undei-stand  what  matter 
is,  the  different  forms  in  whiclr  it  exists,  and  the  laws 
which  cause  the  existence  of  these  different  forms  of 
matter. 

The  three  forms  of  matter.— Matter  is  that 
which  is  evident  to  the  senses,  and  it  exists  in  three 
forms:  viz.  the  solid,  liquid,  and  gaseous.  Any  one 
of  these  forms  of  matter  can  be  converted  into  either 
of  the  other  two  ;  thus,  by  melting  solid  ice  it  becomes 
liquid  water,  and  by  boiling  the  liquid  water  gaseous 
steam  is  produced.  The  particles  of  all  bodies  are 
under  the  influence  of  two  forces  :  one  a  force  of 
attraction  (otherwise  known  as  cohesion)  and  the 
other  a  force  of  repulsion  (which,  as  will  be  pre- 
sently explained,  is  identical  with  latent  lieat) ; 
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and  according  to  the  distribution  of  these  forces  of 
attraction  and  repulsion  the  different  forms  of  matter 
result.  If  one  of  the  forces  is  in  excess  of  the  other, 
one  of  the  two  extreme  forms  of  matter  (the  solid  or 
the  gaseous)  results  ;  if  the  two  forces  are  equally 
balanced,  then  the  intermediate  form  of  matter  (the 
liquid)  is  the  result. 

Thus  in  all  solids  the  force  of  attraction  of  the 
particles  for  one  another  is  greater  than  the  force  of 
repulsion.  The  peculiarity  of  the  solid  form  of  matter 
is  that  the  relative  positions  of  its  particles  cannot  be 
changed  without  the  expenditure  of  more  or  less 
force ;  solids  therefore  tend  to  retain  whatever  form 
they  may  happen  to  possess. 

In  liquids  the  forces  of  attraction  and  repulsion 
of  the  particles  are  equally  balanced.  The  distinctive 
peculiarity  of  the  liquid  state  is  that  the  particles 
readily  glide  over  one  another,  and  assume  the  shape 
of  the  vessel  containing  the  liquid. 

In  gases  the  force  of  repulsion  exercised  by  the 
particles  is  considerably  greater  than  the  force  of 
attraction.  The  distinctive  character  of  the  gaseous 
state  is  that  the  particles  are  continually  undergoing 
a  struggle  to  occupy  a  larger  space.  It  will  now  be 
easy  for  the  student  to  understand  why  a  gas  can  be 
compressed  by  additional  pressure  and  expanded  by 
partial  removal  of  pressure  :  the  compression  of  a  gas 
being  brought  about  by  the  mechanical  force  employed 
overcoming  the  repulsive  force  of  its  particles  ;  and 
the  expansion  of  a  gas  being  caused  by  the  repulsive 
force  of  the  particles  for  one  another  coming  into 
play,  when  the  pressure  is  removed. 

It  must  not  be  supposed  that  the  particles  of  any 
one  of  these  forms  of  matter  are  in  absolute  contact 
with  one  another,  although  such  is  a  common  opinion 
with  regard  to  solids  and  liquids.  That  solids  are  in 
reality  porous,  that  the  particles  ai-e  not  absolutely 
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close  together,  is  proved  by  hammering  or  powerfully 
pressing  them,  when  they  will  be  found  to  occupy  a 
smaller  bulk  than  they  did  previous  to  being  submitted 
to  pressure ;  and  again  is  proved  by  what  is  techni- 
cally called  the  "  sweating "  of  iron  in  the  Bramah 
hydraulic  press,  v/here  water  under  powerful  pressure 
actually  is  forced  through  the  pores  of  a  stout  iron 
cylinder,  although  to  the  eye  the  iron  appears  perfectly 
compact  and  homogeneous.    That  liquids  ai'e  porous 
is  best  proved  by  mixing  certain  liquids  together, 
when  a  contraction  in  bulk  takes  place.    If  spirit  and 
water  be  mixed  together,  a  diminution  in  volume 
occurs,  the  particles  getting  closer  together  than  they 
formerly  were,  due  to  a  molecular  combination  of  the 
spirit  with  the  water ;  thus,  in  making  the  proof 
spirit  of  the  Biitish  Pharmacopoeia,  100  fluid  ounces 
of  rectified  spirit  are  mixed  with  60  fluid  ounces  of 
water,  yet  only  156  fluid  ounces  of  proof  spirit  result, 
a  contraction  of  about  2^  per  cent,  having  taken 
place. 

The  student  having  now  become  acquainted  with 
the  different  forms  of  matter,  the  next  thing  for  him 
to  understand  is  how  and  under  what  conditions  any 
one  form  of  mattei'  is  capable  of  being  converted  into 
another.  Heat  is  the  agent  necessary  for  the  trans- 
formation of  one  form  of  matter  into  another,  and  it 
is  the  addition  or  abstraction  of  heat  that  brings 
about  the  change  of  state  in  any  form  of  matter.  If 
a  piece  of  roll  sulphur  (representing  the  solid  form  of 
matter)  be  heated  in  a  test-tube  or  flask,  it  will  first 
melt  to  a  syrupy  fluid  (representing  the  liquid  form 
of  mattei-),  and  this  on  further  heating  will  boil  away, 
forming  a  heavy  vapour  of  a  reddish-brown  colour 
(representing  the  gaseous  form  of  matter) ;  heat  is 
therefore  the  agent  that  has  converted  the  solid  into 
a  liquid,  and  the  liquid  into  a  gas  or  vapour.  Now, 
if  part  of  the  heat  be  abstracted  from  the  sulphur 
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vapour,  this  will  condense  to  a  syrupy  fluid  ;  and  this 
fluid  on  further  cooling  (that  is,  on  further  abstraction 
of  heat)  will  solidify  to  a  mass  of  solid  sulphur. 
From  these  simjile  experiments  the  following  general 
law  can  be  deduced  : — 

£ither  the  addition  or  abstraction  of 
heat  is  necessary  for  tlie  conversion  of  any 
one  form  of  matter  into  another  form. 

liatent  iieat.— The  heat  which  is  stored  up  in 
liquids  and  gases,  and  which  prevents  their  change  of 
state,  is  called  latent  heat.  Latent  or  hidden  heat  is 
that  heat  which  cannot  be  detected  by  the  ther- 
mometer, which  is  doing  other  work  than  that  of 
making  itself  sensible  to  the  thermometer :  viz.  pre- 
venting the  cliange  of  state  of  the  body  in  which  it  is 
stoied  up.  Thus,  on  applying  heat  to  the  piece  of 
roll  sulphur,  a  quantity  of  the  heat  is  rendered  latent 
and  converted  into  energy,  which  keeps  the  sulphur 
in  the  liquid  form  ;  on  the  further  application  of  heat 
to  the  melted  sulphur  until  it  boils,  more  heat  is  ren- 
dered latent,  in  order  to  convert  the  liquid  sulphur 
into  the  gaseous  or  vaporous  form.  To  condense  the 
sulphur  vapour  to  a  liquid,  part  cf  the  latent  heat 
must  be  abstracted  by  bringing-  the  vapour  into 
contact  with  some  cool  substance,  which  withdraws 
some  of  the  latent  heat  by  transforming  it  into 
sensible  heat ;  the  sulphur  vapour,  having  now  lost 
the  force  or  energy  which  kept  it  in  the  gaseous  form, 
condenses  to  a  liquid  ;  if  the  latent  heat  of  this  liquid 
be  in  its  turn  abstracted  by  further  cooling,  the 
melted  sulphur  will  solidify. 

The  subject  of  latent  heat  will  be  rendered  more 
intelligible  by  quoting  an  example  :  the  conversion  of 
ice  into  water  will  be  taken.  If  one  pound  of  ice 
at  0°  C.  be  mixed  with  one  pound  of  water  at 
79°  C,  two  pounds  of  water  at  0°  C.  will  be  the 
result.    In  this  case  the  heat  which  had  raised  one 
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pound  of  water  through  79°  0.  has  disappeared, 
but  it  is  not  lost ;  it  has  converted  the  pound  of  ice 
into  a  pound  of  water,  and  in  doing  so  the  heat  has 
been  rendered  latent  by  the  melting  ice ;  it  has  not 
raised  the  temperature  of  the  ice,  but  has  changed  it 
from  the  solid  to  the  liquid  state ;  if  the  water  be 
frozen,  this  latent  heat  would  bH  transformed  into,  and 
given  forth  in  the  form  of,  sensible  heat. 

ITIixtiires  and  ♦■liemical  coinpoiiiids.— Be- 
fore treating  of  the  force  known  as  chemical  attraction, 
or  chemical  affinity,  as  it  is  sometimes  termed,  it  will 
be  well  for  the  student  to  clearly  understand  the 
difference  between  a  mixture  of  substances  and  a 
chemical  compound.  A  mixture  possesses  all  the 
properties  of  its  ingredients,  and  these  ingredients 
can  be  mixed  in  any  proportions.  A  clicinicsil 
compound  possesses  entirely  different  properties  to 
tlijse  of  its  ingredients,  and  the  proportion  of  each 
of  its  constituents  is  fixed  and  invariable.  A  veiy 
good  example,  illustrative  of  these  two  definitions,  is 
furnished  by  a  mixture  of  iron  and  sulphur,  and  by 
sulphide  of  iron,  a  chemical  compound  of  iron  and 
sulphur.  If  iron  filings  and  powdered  sulphur  be 
rubbed  together,  it  will  be  found  that  the  mixture 
possesses  all  the  properties  of  its  constituents  un- 
altered ;  for  with  a  magnet  the  iron  filings  can  be 
picked  out  and  the  sulphur  left ;  or,  by  treating  the 
mixture  with  a  liquid  called  bisulphide  of  carbon,  the 
sulphur  can  be  dissolved  out  and  the  iron  filings  left ; 
on  evaporating  the  bisulphide  of  carbon  solution,  the 
sulphur  will  be  left.  But  if  the  iron  tilings  and 
sulphur  be  heated  in  a  crucible,  chemical  combination 
takes  place,  and  a  black  mass  of  sulphide  of  iron  is 
formed,  which  chemical  compound  possesses  entii'ely 
different  properties  to  those  of  its  constituents.  A 
magnet  is  now  incapable  of  abstracting  tlie  iron  from 
it  J  bisulphide  of  carbon  will  not  dissolve  out  the 
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sulphur  from  it ;  on  treating  it  with  dilute  sulphuric 
acid,  a  gas,  called  sulphuretted  hydrogen,  possessing 
an  offensive  odour,  is  evolved  ;  neither  iron  nor  sul- 
phur possesses  the  property  alone  of  evolving  this  gas 
when  treated  with  dilute  sulphuric  acid.  As  may  be 
readily  coni])rehended,  a  mixture  of  iron  filings  and 
sulphur  could  be  made  with  any  proportions  of  the 
constituents,  whereas  the  chemical  compound  sulphide 
of  iron  requires  the  constituents  to  be  present  in  the 
fixed  proportions  of  56  pai-ts  by  weight  of  iron  to  32 
parts  by  weight  of  sulpliur.  (The  student  will  shortly 
learn  that  these  are  the  atomic  or  combining  weights 
of  iron  and  sulphur.)  If  different  proportions  to  these 
are  used,  then  a  mixture  of  sulphide  of  iron  with 
excess  of  either  iron  or  sulphur  will  be  the  residt, 
accordingly  as  excess  of  iron  or  sulphur  has  been 
used. 

CJIiaractcrs  of  clicmical  attraction.— It  is 

necessary  that  the  student  should  pay  great  attention 
to  the  peculiar  characters  by  which  the  force  of 
chemical  attraction  may  be  recognised,  for  it  is  by 
means  of  this  force  that  the  compiiratively  few  ele- 
mentary bodies  arrange  themselves  into  the  number- 
less compounds  of  which  the  animal,  vegetable,  and 
mineral  kingdoms  are  compo.sed. 

Chemical  attraction  is  an  -extremely  powerful 
force,  which  acts  only  on  the  smallest  particles  of 
matter,  and  between  inappreciable  distances.  An 
example  of  the  last  mentioned  fact  is  obtained  by 
powdering  and  rubbing  together  in  a  mortar  tartaric 
acid  and  carbonate  of  soda ;  no  change  whatever 
occurs,  for  it  is  impossible  by  such  means  to  bring  the 
two  substances  into  sufficiently  close  contact  to  react 
on  one  another ;  but  if  water  be  now  added  to  the 
mixture  in  the  mortar,  the  two  substances  will  dissolve, 
and  in  the  dissolved  state  "svill  come  sufficiently  close 
to  one  another  to  react,  chemical  action  being  mani- 
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fested  by  the  efi'ervescence  that  takes  place,  due  to 
the  tartaric  acid  acting  on  the  carbonate  of  soda, 
forming  tartrate  of  soda,  and  liberating  carbonic  acid 
gas. 

Chemical  attraction  exists  between  the  particles 
of  dissimilar  kinds  of  matter,  and  the  result  of 
chemical  combination  is  an  entire  change  of  properties 
ia  the  compound  produced.  For  instance  :  a  piece  of 
iron  shows  no  desire  to  chemically  unite  with  another 
piece  of  iron ;  but  if  the  iron  be  heated  with  a  dis- 
similar substance,  as  sulphur,  chemical  combination 
then  takes  place,  and  a  new  body — sulphide  of  iron — 
is  formed,  which  possesses  entirely  different  properties 
to  those  of  its  constituents,  as  has  been  previously 
explained. 

A  most  important  phenomenon,  which  is  always 
the  result  of  chemical  combination,  is  the  production 
of  heat.  It  must  be  carefully  borne  in  mind  that 
whenever  chemical  combination  fakes  place  heat  is 
prodiiced ;  by  remembering  this,  the  student  will  be 
able  to  comprehend  and  explain  many  phenomena 
that  will  come  under  his  notice,  both  while  studying 
chemistry  and  while  engaged  in  the  duties  of  every-day 
life.  The  following  are  a  few  examples  of  heat  pro- 
duced by  chemical  action  : — 

If  a  piece  of  the  metal  potassium  be  thrown  upon 
watei",  the  potassium  decomposes  the  water,  form- 
ing Iiydrate  of  potassium,  and  evolving  part  of  the 
hydrogen  of  the  water  ;  the  heat  produced  by  this 
chemical  action  is  sufficient  to  set  fire  to  the  escaping 
hydrogen,  which  burns  with  a  violet-coloured  flame 
(the  colour  being  due  to  k  trace  of  potassium  volatil- 
ised by  the  heat).  If  a  small  piece  of  dry  phosphorus 
be  placed  on  a  fragment  of  iodine,  the  two  substances 
will  immediately  commence  to  combine  and  form 
iodide  of  phosphorus,  and  the  heat,  produced  by  this 
chemical  combination,  ignites  that  portion  of  the 
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phosphorus  which  has  not  already  united  with  the 
iodine.  The  lime-light  affords  another  good  illus- 
tration of  heat  produced  by  chemical  action ;  to 
produce  the  light,  the  oxy-hydrogen  flame  is  made  to 
impinge  on  a  piece  of  lime  ;  the  oxygen  and  hydrogen 
in  combining  chemically  with  each  other  produce  an 
intense  heat,  and  this  raises  the  particles  of  the  lime, 
upon  which  the  flame  impinges,  to  a  white  heat ;  the 
joarticles  of  lime,  glowing  at  this  white  heat,  emit  the 
dazzling  light. 

Another,  and  a  still  more  common,  example  of  heat 
produced  by  chemical  action  is  that  deri^^ed  from  the 
burning  of  coals  in  our  tire-grates  ;  in  this  case  the 
constituents  of  the  coal  combine  chemically  with  the 
oxygen  of  the  air,  the  heat  resulting  from  this  chem- 
ical action  causes  the  coals  to  glow,  and  inflames  the 
gases  escaping  from  the  burning  coal.  In  fact,  in 
most  cases  where  heat  is  obtained  artificially,  it  is  the 
result  of  chemical  action. 

One  last  important  example  of  heat  produced  by 
chemical  action  is  that  of  animal  heat,  or  the 
heat  which  maintains  the  temperature  of  the  living 
body ;  the  oxygen  of  the  air  that  we  inhale  is 
absorbed  by  the  blood  circulating  through  the  lungs, 
and  is  then  conveyed  in  the  blood  to  the  various 
tissues  of  the  body,  where  the  carbon  and  hydrogen  of 
the  tissues  become  oxidised,  or  burnt,  by  this  oxygen 
to  carbonic  acid  gas  and  water  respectively,  and  it  is 
the  heat  produced  by  this  chemical  action — by  this 
oxidation — which  serves  to  maintain  the  temperature 
of  the  animal  body. 

Having  now  given  a  general  idea  of  the  main  facts 
and  laws  connected  with  the  different  forms  of  matter, 
the  study  of  Chemistry  proper  will  be  proceeded  with. 
In  the  first  place,  the  most  important  principles  con- 
nected with  it  will  be  brought  under  the  notice  of  the 
student. 
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CHAPTER  II. 

Elements  —  Metals  —  Non-metals  —  Symbols  —  Atomic  Theory  — 
Atoms — Molecules  —  Atomic  Weights  —  Laws  of  Chemical 
Combination — Quantivalence  or  Atomicity — Change  or  Varia- 
tion of  Quantivalence. 

ELEMENTS  AND  COMPOUNDS. 

Chejiistry  is  the  science  that  enables  us  to  resolve 
complex  forms  of  matter  into  simpler  or  elementary 
forms,  and  to  construct  compound  forms  of  matter 
from  the  simpler  or  elementary  foi-ms.  The  resolution 
of  comjilex  bodies  into  simpler  or  elementary  bodies  is 
called  analysis  (am,  up  ;  Xvcric,  separation) ;  and 
the  construction  of  compounds  from  simpler  bodies 
is  called  synthesis  (crvv,  together;  Oiffig,  placing). 

The  numberless  compounds  met  with  in  the  animal, 
vegetable,  and  miiaeral  kingdoms  can  all  be  resolved 
or  split  up  by  analysis,  or  otherwise,  into  about 
seventy  simpler  forms  of  matter,  which  are  called 
the  elements ;  of  these  seventy  elements,  only  about 
forty  are  of  medical  interest.  An  element  is  a 
body  (it  may  be  a  solid,  a  liquid,  or  a  gas)  that 
hitherto  has  resisted  all  attempts  to  decompose  it  into 
any  simpler  forms  of  matter ;  for  example,  silver  and 
oxygen  are  two  of  the  elements,  and  all  attempts  have, 
up  to  the  pi-esent  time,  been  incapable  of  decomposing 
them  into  simpler  bodies.  A  compound  is  a  body 
composed  of  two  or  more  elements,  and  is  there- 
foi  e  capalile  of  being  split  up  into  them ;  for  example, 
oxide  of  silver  is  a  compound,  for  it  is  possible,  by 
simply  heating  it,  to  resolve  it  into  the  two  elements 
silver  and  oxygen,  the  former  being  left  as  hnely- 
divided  metal,  and  the  latter  escaping  as  a  gas. 
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The  following  is  a  list  of  the  elements,  arranged 
alphabetically  ;  classified  lists  of  the  more  important 
elements  as  they  are  to  be  learnt  and  remembered  by 
the  student  will  be  given  shortly. 


LIST  OF  THE  ELEMENTS. 


Aluminium 

Antimony 

Arsenicum 

Barium 

Beryllium 

Bismuth 

Boron  * 

Bromine  * 

Carlmium 

Caesium 

Calcium 

Carbon  * 

Cerium 

Cliloiino  * 

Chromium 

C.ibalt 

Copper 

Didymium 

Erbium 

Fluorine  * 

Gallium 

Germanium 

Gold 


The  elements  are  divided  into  two  classes  :  viz. 
metals  and  non-metals.  Fourteen  non-metallic  ele- 
ments exist ;  they  are  distinguished  in  the  above  list 
by  having  asterisks  attached  to  tbeir  names. 

incta.ls  and  non-metals. — In  much  about  the 
same  way  that  all  living  things  are  divided  into  two 
great  kingdoms,  the  animal  and  the  vegetable,  so  the 
elements  are  divided  into  two  classes,  metals  and  non- 
metals  ;  and  just  as  no  single  character  will  distinguish 
every  member  of  the  animal  kingdom  from  every 
member  of  the  vegetable  kingdom,  so  no  single  char- 


1?  11 1  nnm  ntn 
XLUbildil  UUl 

Indium 

k7  C  (1  XL  U.  i.  U 11 L 

Iodine  * 

IridiiiiTi 

fti  1 1  c 'r\n  ^ 
OlllLUU 

Iron 

Silver 

Xja,nt,}ifi  miiTi 

OVUl  LIUl 

tjend 

1^  r  Tn  Tl  f  m  Tvi 

O  tJ.  Kjl  1  l/l  U.XI1 

Li  fihium 

Smi  1  r»}i  in*  ^ 

kj  UlLfll  111 

Wi\  oTiPRi  inn 

T^n  Ti^i  1 11  m 
X  aiiLdi  nil  1 

Manganese 

Tellurium  * 

Mercury 

Terbium 

Molybdenum 

Thallium 

Nickel 

Thorium 

Niobium 

Tin 

Nitrogen  * 

Titanium 

Osmium 

Tungsten 

Oxygon  * 
I'alladium 

Uranium 

Vanadium 

Phosphorus  * 

Ytterbium 

Platinum 

Yttrium 

Potassium 

Zinc 

llhodium 

Zirconium 

Eubidium 
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acter  is  sufficient  to  distinguish  all  the  metals  from 
all  the  non-metals  ;  for  the  two  classes  of  elements 
gradually  merge  into  and  blend  with  one  another,  and 
only  the  fai"-separated  members  of  the  two  classes 
possess  any  well-marked  distinguishing  characters. 
A  few  of  the  best-marked  characters,  and  those  that 
may  be  most  readily  recognised,  are  the  following  : — 

Metals  possess,  or  can  be  made  to  possess  by  polish- 
ing or  by  powerful  compression,  a  peculiar  greyish 
lustre,  known  as  metallic  lustre — a  pi'operty  that  is 
well  known  to  everyone.  It  is  true  that  metals  in  a 
tine  state  of  division,  such  as  the  reduced  iron  of  the 
British  Pharmacopoeia,  do  not  possess  this  lustre,  but 
if  by  powerful  pressure  or  hammering  they  are  com- 
pressed into  a  mass,  and  this  mass  be  polished,  the 
metallic  lustre  is  then  developed.  There  are  two  of 
the  common  metals  that  do  not  possess  the  peculiar 
greyish  lustre  common  to  the  other  metals,  but  which 
are  coloured  :  viz.  copper,  which  is  of  a  reddish 
colour,  and  g^old,  which  is  of  a  yellow  colour.  Non- 
metals  are  destitute  of  the  peculiar  lustre  known  as 
metallic  lustre  ;  it  is  impossible  to  develop  a  mirror- 
like surface  on  a  stick  of  phosphorus  or  on  a  piece 
of  sulphur  ;  the  only  non-metallic  element  that  pos- 
sesses anything  like  a  metallic  lustre  is  iodine^  which 
is  too  well  knowxi  by  its  odour  to  be  confounded  with 
a  metal.  Metals  are  also  good  conductors  of  both 
heat  and  electricity,  Avhereas  non-metals  are  extremely 
bad  conductors  of  these  two  forces. 

Physical  conditions  of  the  elements. — Of 
all  the  elements,  four  only  are  gases  :  viz.  hydrogen^ 
oxygen,  nitrogen,  and  chlorine  (fluorine  may  possibly 
be  a  ga.seous  element,  but  as  it  has  never  been  isolated 
in  a  state  of  purity,  it  cannot  with  fairness  be  included 
in  the  list  of  elementary  gases).  Two  of  the  elements, 
mercury  and  bromine,  ai'e  liquid  at  ordinary  tem- 
peratures ;  the  remaining  elements  are  solids.  The 
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physical  condition  of  any  element  can,  however,  be 
altered  :  for  instance,  the  four  elementary  gases  can  be 
liquefied  by  subjecting  them  to  powerful  pressure  and 
extreme  cold ;  the  feat  of  condensing  hydrogen,  oxygen, 
and  nitrogen  to  liquids  was  accomplished  in  the  latter 
part  of  1877  by  Cailletet  and  Pictet,  these  gases 
having  up  to  that  time  I'esisted  all  attempts  to  liquefy 
them.  The  two  liquid  elements,  mercury  and  bromine, 
can  in  their  turn  have  their  physical  condition  altered  ; 
thus,  on  boiling  them  they  become  converted  into 
vapours  or  gases,  and  by  exposing  them  to  suflBciently 
low  degrees  of  cold,  they  freeze,  or  assume  the  solid 
state  (for  instance,  mercury  frequently  freezes  in 
Arctic  regions).  Most  of  tlie  solid  elements  undergo  an 
alteration  of  state  on  the  application  of  heat :  for  in- 
stance, the  metals  when  heated  melt  or  liquefy,  and 
on  the  further  application  of  an  intense  heat  volatilise 
or  form  vapours. 

SYMBOLS. 

A  symbol  is  a  shorthand  method  of  representing 
an  element.  The  symbol  of  an  element  consists  of 
one  or  two  letters,  derived  generally  from  the  Latin 
name  of  the  element  (the  symbols  for  potassium  and 
sodium  are  derived  from  Arabic  words).  When  the 
symbol  .is  composed  of  one  letter  only,  that  letter  is 
the  first  one  that  occurs  in  the  name  (e.y.  the 
symbol  for  hydrogen  is  H,  for  oxygen  O,  for  nitrogen 
N,  for  carbon  C) ;  when  the  symbol  is  composed  of 
two  letters,  the  first  letter  is  the  first  one  in  the 
nauie  and  the  second  is  some  characteristic  letter 
in  the  same  name  {e.g.  the  symbol  for  chloiine 
is  CI,  for  magnesium  Mg,  for  platinum  Pt).  In  most 
cases  the  Latin  names  are  the  same  as  the  English, 
but  in  a  few  cases  they  are  not,  and  these  exceptions 
must  be  well  learnt  in  order  to  remember  the  symbols 
derived  from  them.    The  following  is  a  list  of  tliose 
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elements  whose  Latin  names  differ  from  their  English 
ones;  the  symbols  derived  from  these  Latin  names 
are  given  in  the  third  column. 


English  Names. 

Latin  Names. 

Symbols. 

Antimony 

Stibium... 

Sb 

Copper 

Cuprum... 

Cu 

Gold  

Aurum  ... 

Au 

Iron  ... 

Ferrum ... 

Fe 

Lead  ... 

Plumbum 

Pb 

Mercury 

Hydrargyrum  ... 

Hg 

Potassium   

Kalium  (Ai-abic  name) . 

K 

Silver... 

Argentum 

Ag 

iSodiiim 

Natrium  (Arabic  name) 

Na 

Tin   

Stannum 

Sn 

The  following  is  a  list  of  the  more  common 
elements,  with  their  respective  symbols  and  atomic 
weights ;  an  explanation  of  these  atomic  weights  will 
shortly  be  given,  but  previous  to  reading  that  ex- 
planation it  will  be  advisable  for  the  student  to 
commit  to  memory  the  atomic  weights  of  the  elements 
given  in  the  list.  Tlie  order  in  which  the  elements 
are  arranged  in  this  table  is  in  that  of  their  atomic 
weights,  commencing  with  hydrogen,  which  possesses 
the  lowest.  This  order  greatly  assists  the  memory,  as 
after  studying  the  list  the  student  is  enabled  to 
picture  mentally  in  what  part  of  the  list  any  par- 
ticular element  occurs,  and  so  a  clue  is  gained  as  to 
its  atomic  weight. 


Elements. 


Hydrogen* 
Lithium 
Boron* 
Carbon* 


Symbols. 

H* 
Li 
B* 
C* 


Atomic  Weights. 

1 

7 
11 
12 


14 


Chemistry. 


[Part  I. 


Eleineuts. 

S  viiilinls 

Nitrogen*   

N* 

14 

Oxygen*   

0* 

16 

Sodium 

Na 

23 

Magnesium  ... 

Mg 

24 

Aluminium  ... 

Al 

27-5 

Phosphorus*  ... 
Sulphur* 

P* 

31 

S* 

32 

Chlorine* 

CI* 

35-5 

Potassium 

K 

39 

Calcium 

Ca 

40 

Manganese  

Mn 

o5 

Iron  ... 

Fe 

56 

Copper  ...   

Cu 

63-0 

Zinc  

Zn 

65 

Arsenicum 

As 

75 

Bromine* 

Br* 

80 

Silver  

Ag 

108 

Tin   

■  Sn 

.  118 

Antimony 

Sb 

120 

Iodine* 

1* 

127 

Barium 

Ba 

137 

Mercury   

Hg 

200 

Lead  

Pb 

207 

Bismuth   

Bi 

210 

The  elements  to  which  asterisks  are  attached  are  the  nou-metallic 

elements. 


THE  ATOMIC  THEORY. 

The  student  having  now  become  acquainted  with 
the  diflerences  existing  between  elements  and  com- 
pounds, the  next  subject  to  be  considered  is  the  prevail- 
ing theory  with  regard  to  the  constitution  of  matter. 

It  is  a  familiar  fact  that  most  solid  substances  can, 
by  mechanical  means,  be  reduced  to  an  exti-eniely  fine 
powder,  but  the  particles  of  the  finest  powder  when 
viewed  under  the  microscope  are  seen  in  the  form  of 
little  masses  :  that  is,  they  iare  still  capable  of  further 
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division.     Now,  the  questions  tluit  for  ages  liave 
been  before  the  minds  of  philosophers  and  chemists 
are — whether  matter  is  really  infinitely  divisible,  or 
whether  there  is  a  point  at  which  the  divisibility  of 
matter  ceases.     The  latter  idea  is  the  prevalent  one, 
and  for  the  exposition  and  adaptation  of  it  to  the 
laws  of  chemical  combination,  we  are  indebted  to 
Dalton.     The  atomic  theory,  which  is  known  as 
"Dalton's   atomic   hypothesis,"  regards   matter  as 
being    composed    of    indivisible    particles,  called 
atoms  (the  term  atom  is  derived  from  the  Greek 
word   cLTOfioQ,    indivisible).     It    is    impossible  by 
any  means,  mechanical  or   otherwise,  so  to  sub- 
divide any  body  as  to  split  it  up  into  its  constituent 
atoms,  nor  is  it  possible  for  anyone  to  mentally 
picture  an  atom,  since  it  is  inconsistent  for  the  mind 
to  conceive  of  anything  that  is  incapable  of  further 
division,  as  the  mind  always  invests  mental  images 
with  boundaries.     By  assigning  to  each  element  a 
weight  corresponding  to  its  combining  weight,  Dalton 
was  enabled  to  throw  great  light  on,  and  produce 
satisfactory  reasons  for,  all  the  observed  numerical 
laws  of  chemical  combination  (which  will  shortly  come 
under  our  consideration). 

To  understand  fully  the  matter  that  follows,  the 
definitions  of  the  two  words  atom  and  molecule 
must  be  carefully  remembered.  An  atom  is  the 
smallest  proportion  by  weight  in  which  an  element 
enters  into,  or  is  expelled  from,  a  chemical  compound ; 
the  smallest  weight  of  hydrogen  so  entering  or  leaving 
a  chemical  compound  being  taken  as  unity.  More 
briefly,  an  atom  may  be  defined  as  the  smallest 
quantity  of  an  element  that  is  capable  of  existing,  and 
it  is  indivisible.  A  molecule  (the  word  molecule 
means  a  small  mass)  is  the  smallest  quantity  of  a 
body,  elementary  or  compound,  that  is  capable  of 
existing  in  the  free  state. 
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In  the  case  of  tlireo  eloments.  a  molecule  consists 
of  one  atou\  only:  viz.  uiercurv  (Hg),  zinc  (Zn),  and 
cadnuum  (Cd)  ;  the  molecules  of  lUl  the  other  elements 
contain  two  or  more  atoms.    Thus,  the  molecule  of 
oxygen  contains  two  atoms,  and  is  represented  ;is  ; 
the  molecule  of  potassium  contjiins  two  atoms,  and  is 
ivpi-esented  as  K,, ;  the  molecule  of  lend  contains  two  I 
atoms,  and  is  represented  as  Pbo ;  in  fact,  the  only  ' 
elementary  bcxlies  containing  nioi"e  than  two  atoms 
in  the  molecule  are  phosphorus  and  jvrsenicum,  the 
molecules  of  which  each  contain  four  atoms :  the  l 
molecule  of  phosphorus  is  therefoi*e  i-epresent^l  as  J 
and  that  of  areenicum  as  As^.    Ozone,  wliich  is  a 
UKxiitied  or  condensed  form  of  o.vygen,  contains  thi^ee 
atoms  in  the  molecule,  anil  is  represented  as  0,>. 

Compounds  ai"e  formed  by  the  union  of  the  atoms 
of  diffeivnt  elements,  and  the  smallest  possible  quan- 
tity of  any  compound — that  is,  the  molecule  of  any 
compound — must  contain  at  legist  two  diffei-ent  atoms. 
As  an  example  of  a  compound,  the  molecule  of,  whicli 
only  contains  two  elementary  atoms,  common  sj\lt 
(chloride  of  soilium)  may  be  t<iken.  This  compound 
possesses  an  atom  of  sodium  and  an  atom  of  chlorine 
in  the  molecule,  which  is  thei'efoiv  ivpi-esented  as 
NaCl.  The  number  of  atoms  in  the  molecule  of  a  ' 
compound  is  unlimiteil,  some  molecules  containing  a 
\  erv  hu-ge  nuniber,  as  the  student  will  notice  as  he 
proceeils  with  the  study  of  Chemistry. 

ATOMIC  WEIGHTS. 

Every  element  has  its  own  atom  peculiar  in  pro- 
perties and  weight.  The  atomic  weights  of  the  ele- 
ments have  a  dauhle  g^itftiificance — (i)  as  i"epresenting 
their  relative  weights  ;  (ii)  as  i-epresenting  their 
con\bining  weights ;  in  fact,  the  i-elative  weights  of 
atoms  are  expressed  by  their  combining  weights. 
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(i)  Consideration  of  the  atomic  weiglits 
of  tiie  eleuienis  as  their  relative  weights — 

It  must  not  be  supposed  that  the  atomic  weights  of 
the  elements  represent  any  actual  weights  ;  the  weights 
are  only  comparative  or  relative  to  one  another.  For 
example,  if  equal  volumes  of  hydrogen  and  oxygen 
be  taken  at  the  same  temperature  and  under  the 
same  atmospheric  pressure,  it  will  be  found  that  the 
bulk  of  oxygen  is  sixteen  times  as  heavy  as  the  equal 
bulk  of  hydrogen.   Now,  hydrogen  being  the  lightest 
element,  it  is  convenient  to  take  it  as  the  unit  of  the 
scale,  because  its  combining  weight  is  smaller  than 
that  of  any  other  element  ;  but  this  is  merely  a  matter 
of  convenience.    Taking,  therefore,  the  atomic  weight 
of  hydrogen  as  1,  the  relative  or  atomic  weight  of 
oxygen  will  be  16  ;  nitrogen  is  fourteen  times  heavier 
than  hydrogen,  and  therefore  its  atomic  or  relative 
weight  is  14.    One  important  point  must  be  con- 
sidered here  and  may  have  been  noticed  by  the  stu- 
dent: and  that  is,  that  in  deducing  the  atomic  weights 
of  hydrogen  and  oxygen  from  the  relative  weights  of 
equal  bulks  of  the  gases,  it  is  apparently  assumed 
that  a  volume  of  hydrogen  gas  contains  just  as  many 
molecules  as  an  equal  volume  of  oxygen,  when  the  two 
gases  are  measured  at  the  same  temperature  and  under 
the  same    atmospheric  pressure ;  for  if  the  equal 
volumes  of  the  two  gases  did  not  contain  an  equal 
number  of  units,  then  the  units  of  the  two  gases 
could  not  possess  the  relative  weights  that  the  equal 
bulks  of  gases  bear  to  one  another.    This  important 
point  is  something  more  than  an  assumption,  for  it 
admits  of  experimental  proof  ;  it  has  been  investigated 
by  Avogadro  and  Ampere,  and  the  following  hypo- 
thesis bears  their  names. 

Avogadro   and  Ampere's   hypotliesis.  — 
Equal  volumes  of  different  gases,  at  equal  pressures 
and  temj)eratu,res,  contain  equal  numbers  of  molecules. 
c— 32 
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As  proof  of  this  hypothesis,  there  is  the  fact  that  all 
gases  are  equally  affected  in  volume  by  variations  of 
pressure  and  temperature,  physical  agencies  such  as 
heat  and  pressure  not  affecting  the  nature  of  mole- 
cules, but  only  their  distance  from  one  another. 
Thus  the  heat  that  is  necessary  to  cause  half  a  pint  of 
oxygen  to  expand  to  one  pint  also  causes  half  a  pint 
of  hydrogen  to  expand  to  just  one  pint ;  and  the 
pressure  that  is  necessary  to  compress  a  pint  of 
oxygen  to  half  a  pint  will  also  compress  a  pint  of 
hydrogen  to  half  a  pint.  Now  it  is  not  conceivable 
that  the  two  gases  could  behave  in  such  a  similar 
mannei',  unless  they  contained  equal  numbers  of  mole- 
cules in  equal  bulks. 

(ii)  CoiisidcrntioBD  of  tlic  atomic  weig:lits 
of  the  Clements  a!»  tiicir  combining'  Aveigltt§. 
— The  most  important  fact  to  be  remembered  by  the 
student  in  connection  with  the  atomic  weights  of  the 
elements  is,  that  they  represent  the  proportions  in 
which  the  elements  unite  with  one  another  to  form 
compounds,  or  the  proportions  in  which  they  displace 
one  another  in  compounds.  Thus  in  the  case  of 
chloride  of  sodium  (common  salt),  23  parts  by  weight 
of  sodium  unite  with  35'5  parts  by  weight  of  chlorine, 
and  the  two  elements  will  only  unite  together  in  these 
proportions.  If  35'5  grains  of  chlorine  be  brouglit  in 
contact  with  23  grains  of  sodium,  the  two  will  com- 
bine and  form  58-5  grains  of  chloride  of  sodium  ;  but 
if  more  chlorine,  say  50  grains,  be  brought  in  contact 
with  23  grains  of  sodium,  then  the  23  grains  of  sodium 
will  only  unite  with  35 '5  grains  of  chlorine,  and  14-5 
grains  of  chlorine  (the  remainder  of  the  50  grains) 
Avill  be  left  in  the  free  state.  In  like  manner,  if  35  "5 
grains  of  chlorine  be  brought  in  contact  with  more 
than  23  grains  of  sodium,  then  the  35-5  grains  of 
chlorine  will  only  be  capable  of  uniting  with  23  grains 
of  sodium,  and  the  remainder  of  the  sodium  will  be 
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left  uuattacked.  (N.B. — It  must  not  be  supposed 
tliat  all  compounds  can,  like  chloride  of  sodium,  be 
made  by  bringing  the  elements  of  which  they  are  com- 
posed simply  into  contact  with  one  another ;  practi- 
cally only  a  few  compounds  are  capable  of  being  pre- 
pared in  such  a  manner.) 

It  will  presently  be  shown  that  two  elements  are 
capable  of  uniting  in  different  proportions  to  form 
different  compounds,  but  the  student  will  then  notice 
that  the  varying  proportions  in  which  two  elements 
unite  with  one  another  are  always  expressed  by  simple 
multiples  of  their  atomic  weights. 

THE  LAWS  OF  CHEMICAL  COMBINATION. 

The  following  are  the  three  laws  that  regulate 
the  combination  of  elements  to  form  compounds  : 

1st  law.  Tlic  same  chemical  compound 
always  contains  the  same  elements,  united 
in  the  same  proportions.— This  law  declares  that 
a  chemical  compound  always  possesses  an  unvarying 
composition.  For  instance,  from  whatever  part  of 
the  globe  chloride  of  sodium  (common  salt)  be  obtained, 
or  by  whatever  method  it  may  be  manufactured,  it 
will  always  be  found  on  analysis  to  contain  23  parts 
by  weight  of  sodium,  to  35-5  parts  by  weight  of 
chlorine,  and  these  proportions  will  never  vary  in  the 
compound.  Again,  if  pure  water  be  obtained  from 
any  source,  and  analysed,  it  will  be  found  to  contain 
2  parts  by  weight  of  hydrogen  to  16  parts  by  weight 
of  oxygen,  and  in  all  samples  of  water  these  propor- 
tions are  invariable. 

This  law,  although  a  very  simple  one,  is  an  ex- 
tremely important  one,  for  it  confers  on  Chemistry  the 
dignity  of  aii  exact  science. 

2im1  law.  When  two  elements  unite  to- 
gfetlier,  in    diil'erent    proportions,  to  form 


20 


Chemistry. 


[Part  I. 


diflcrciit  conipoiiittls,  they  do  so  in  simple 
multiples  ol"  eacli  other.— Thus,  let  A  and  B  re- 
present two  elements,  the  following  arrangements  then 
show  how  these  two  elements  might  combine  in  difter- 
ent  proportions  to  form  different  compounds  : 

A  +  B,  A  +  2B,  A  +  3B,  A  +  4B,  etc. 
Or,  2A  +  B,  2A  +  3B,  2A  +  5B,  2A  +  7B,  etc. 
Or,  A  +  B,     A  +  3B,     A  +  5B,  etc. 

It  will  be  noticed  that  the  varying  combining  pro- 
portions of  A  and  B  are  indicated  by  the  simple 
multiples  1,  2,  3,  4,  etc.,  no  halving  or  quartering  of 
an  elementary  atom  ever  taking  place. 

The  student  will  meet  with  numerous  examples  of 
this  law  as  he  proceeds  with  the  study  of  Chemistry ; 
for  the  present,  it  will  be  sufficient  to  bring  before  his 
notice  a  few  illustrations  of  it  in  order  to  complete  its 
explanation.  Carbon  forms  with  oxygen  two  com- 
pounds, the  one  containing  the  least  oxygen  is  called 
carbonic  oxide  (CO),  and  the  one  containing  most 
oxygen  is  called  carbonic  acid  gas  (COj)  ;  carbonic 
oxide  contains  by  weight  12  parts  of  carbon  to  16  of 
oxygen,  and  carbonic  acid  gas  contains  12  parts  of 
carbon  to  32,  or  16  x  2,  of  oxygen  \  in  this  case  the 
simple  multiples  1  and  2  represent  the  different  pro- 
portions in  which  the  two  elements  carbon  and 
oxygen  unite  with  one  another. 

A  few  examples  of  different  compounds  belonging 
to  some  of  the  members  of  the  graphic  representations 
previously  given,  may  assist  the  student  in  under- 
standing this  law. 

EXA]MPLES. 

2A-i-B  ...  N.jO  ...  Nitrous  oxide  (  Three  of  the com- 

2A-f3B...  N.,0;i...  Nitrous  anhydride  ■<  pounds  of  nitro- 

2A-f5B...  N^Og...  Nitric  anhydride  (  gen  aud  osygeu. 
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A+2B  ...  SO,  ...  Sulphurous  auliyclride  | '^.^o^u^ds"' of  ^'su^: 
A+3B  ...  SO3  ...  Sulphuric  aiihydiide        \  pliurandoxygeD. 

(The  two  com- 
pouuds  of  plios- 
cUorine^  ^"'^ 

This  second  law  of  chemical  combination  is  an 
extremely  important  one,  as  it  adds  great  weight  to 
the  idea  of  the  existence  of  atoms ;  for,  since  an  atom 
is  supposed  to  be  indivisible,  it  is  easy  to  understand 
why,  in  cases  where  several  compounds  of  the  same 
elements  exist,  the  increase  is  always  in  some  simple 
multiple  of  the  combining  weight,  in  other  words, 
there  is  no  halving  nor  quartering  of  atoms  ;  in  fact, 
the  theory  of  the  existence  of  atoms  is  perfectly  in 
harmony  with  the  law  of  multiple  proportions  that 
has  just  been  explained. 

Si'd  law.  The  proportions  in  which  any 
two  elements  unite  with  a  third  are  the 
same  proportions  in  wliich  they  unite  ^vith 
each  other,  or  simple  multiples  of  those 
proportions. — For  example,  39  parts  of  potassium 
unite  with  35 -5  parts  of  chlorine  to  form  chloride  of 
potassium,  and  39  parts  of  potassium  unite  with  127 
parts  of  iodine  to  form  iodide  of  potassium  ;  therefore 
35 -5  parts  of  chlorine  would  unite  with  127  parts  of 
iodine  to  form  a  compound  of  iodine  with  chlorine 
(chloride  of  iodine).  In  this  case,  the  proportions  in 
which  the  two  elements  chlorine  and  iodine  unite 
with  the  third  element  potassium  are  the  same  pro- 
jK)rtions  in  which  they  unite  with  each  other. 
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QUANTIVALENCE  OR  ATOMICITY. 

By  the  quantivalence  or  atomicity  of  an  element 
is  meant  its  atom-fixing  power  :  that  is,  the  equivalent 
or  saturating  value  possessed  by  the  atom  of  an  ele- 
luent,  represented  by  the  number  of  atoms  of  hydrogen 
to  which  it  is  equivalent.  Any  dyad  or  bivalent 
element  possesses  twice  the  atom-fixing  power  of  a 
monad  or  univalent  element ;  one  atom  of  the  dyad 
oxygen  is  therefore  capable  of  combining  with  or 
saturating  two  atoms  of  the  monad  hydrogen.  Ex- 
ample.— Water  (H3O)  consists  of  two  atoms  of  H 
united  with  one  atom  of  0. 

A  triad  or  trivalent  element  possesses  tliree  times 
the  atom-fixing  power  of  a  monad  element,  so  that 
one  atom  of  a  triad  will  combine  with  and  saturate 
three  atoms  of  a  monad.  Exmivple. — Chloride  of 
bismuth  (BiClg)  consists  of  one  atom  of  the  triad 
element  bismuth  united  with  three  atoms  of  the 
monad  element  chlorine. 

The  combination  of  a  dyad  with  a  triad  does  not  at 
first  seem  so  easy,  but  bearing  in  mind  that  a  triad 
possesses  an  atom-fixing  power  represented  by  three, 
as  compared  with  a  dyad,  which  possesses  an  atom- 
fixing  power  represented  by  two,  evidently,  then,  two 
atoms  of  a  triad  will  unite  with  and  satisfy  three 
atoms  of  a  dyad,  for  they  will  then  both  possess  an 
equal  atom-fixing  power,  represented  by  six ;  just 
as  two  threepenny  pieces  would  be  equal  in  value 
to  three  twopenny  pieces.  Example. — Oxide  of  bis- 
muth (BijO.j)  consists  of  two  atoms  of  the  triad 
bismuth  united  with  three  atoms  of  the  dyad  oxygen. 

One  atom  of  a  tetrad  or  quadrivalent  element  will 
combine  with  and  saturate  four  atoms  of  a  univalent 
element,  or  two  atoms  of  a  dyad  or  bivalent  element. 
fem/jZes.— Perchloride  of  platinum  (PtCl,)  consists 
of  one  atom  of  the  tetrad  platinum  united  with  four 
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atoms  of  the  monad  chlorine.  Carbonic  acid  gas 
(COo)  consists  of  one  atom  of  the  tetrad  carljon 
united  with  two  atoms  of  the  d3'ad  oxygen. 

One  atom  of  a  pentad  or  quinquivalent  element 
is  capable  of  uniting  with  and  saturating  five  atoms 
of  a  monad  or  univalent  element.  Example. — Penta- 
chloride  of  phosphorus  (PC1-)  consists  of  one  atom 
of  the  pentad  phosphorus  united  with  five  atoms 
of  the  monad  chlorine.  When  a  pentad  unites 
with  a  dyad,  two  atoms  of  the  pentad  will  satisfy 
and  saturate  five  atoms  of  the  dyad,  for  two  atoms 
of  a  pentad  will  possess  an  equal  atom-fixing 
power  to  five  atoms  of  a  dyad,  since  they  Avill 
then  both  possess  an  equal  atom  fixing  power,  repre- 
sented by  ten,  just  as  two  fivepenny  pieces  would  be 
equal  in  value  to  five  twopenny  pieces.  Example. — 
Phosphoi'ic  anhydride  (PoO-)  consists  of  two  atoms  of 
the  pentad  phosphorus  united  with  five  atoms  of  the 
dyad  oxygen. 

Lastly,  a  hexad  or  sexivalent  element  is  one 
that  possesses  six  times  the  atom-fixing  power  of 
a  monad  or  univalent  element,  or  three  times  the 
atom-fixing  power  of  a  dyad,  and  so  on.  Examples. — 
Fluoride  of  chromium  (CrF,.)  consists  of  one  atom  of 
the  hexad  chi'omium  united  with  six  atoms  of  the 
monad  fluorine.  Chromic  anhydride  (CrOg)  consists 
of  one  atom  of  the  hexad  chromium  united  with  three 
atoms  of  the  dyad  oxygen. 

The  quantivalence  or  atomicity  of  an  element  is 
represented  by  small  dashes  or  by  Roman  numerals 


placed  over  its  symbol,  thus  : 

Monad  or  univalent    H' 

Dyad  or  bivalent     0' 

Tiiad  or  trivalent  ...       ...       ...       ...  Bi' 

Tetrad  or  quadrivalent     ...       ...       . .  S 

Pentad  or  quinquivalent  . .        ...  ... 

Hexad  or  sexivalent    Cr'^ 


Chap.  1 1.)      QUANTIVALENCE  OF  ELEMENTS. 
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Graphic  Representation  of  the  Quantivalence 
OR  Atomicity  op  the  Elements. 

The  quantivalence  of  an  element  may  be  repre- 
sented graphically  by  fixing  to  its  symbol  arms  corre- 
sponding in  number  to  the  degree  of  its  atom-fixing 
power.  A  monad  is  represented  as  possessing  one 
arm,  a  dyad  as  possessing  two  arms,  a  triad  as  possess- 
ing three  arms,  and  so  on  ;  thus  : 

Monad  _  -   H  — 


It  is  scarcely  necessary  to  caution  the  student 
against  supposing  that  elements  actually  have  arms 
projecting  from  them  ;  all  that  we  know  is  that  such 
an  element  as  oxygen  possesses  twice  the  atom-fixing 
])0wer  of  hydrogen,  and  the  graphic  symbols  serve  the 
purpose  of  showing  how  one  atom  of  oxygen  is  capable 
of  uniting  with  two  atoms  of  hydrogen  ;  they  represent 
in  a  manner  that  at  once  appeals  to  the  mind  of  the 
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student  how  different  elements  are  capable  of  exerting 
different  atom-fixing  powers.  These  hypothetical  arms 
are  generally  spoken  of  and  written  of  as  "  bonds,"  but 
the  term  "  bond  "  is  open  to  some  objection,  and  the 
better  and  less  objectionable  term  "  affinity "  will 
therefore  be  used  in  this  book.  Thus,  a  monad 
possesses  one  affinity,  a  dyad  two  affinities,  a  triad 
three  affinities,  and  so  on. 

Cliaiig^c  oi*  variation  of  quaiitivalence. — 

It  will  be  noticed  in  the  table  of  the  elements  arranged 
according  to  quantivalence  on  page  22,  that  frequently 
an  element  is  inserted  in  more  than  one  column,  that 
is,  apparently  possesses  more  than  one  quantivalence  ; 
an  explanation  of  the  reason  why  an  element  is 
capable  of  exerting  different  atom-fixing  powers  will 
now  be  given.  It  should  be  noticed  in  the  table  re- 
ferred to,  that  when  an  element  is  not  exerting  its 
full  quantivalence,  it  is  distinguished  by  being  printed 
in  italics  and  by  having  an  asterisk  attached  to  its 
name. 

The  commoner  elements  that  possess  varying 
quanti valences  are  : 

{Sulphur  -which  acts  as  a  hexad,  tetrad,  and  dyad. 
Chi-omium  ,,  ,,  „  „ 

Manganese         „  „  „  „ 

Nitrogen  which  acts  as  a  pentad,  triad,  and  monad. 

I Phosphorus  which  acts  as  a  pentad  and  triad. 
Arsenicum         ,,  „  „  „ 

Antimony  „  „  ,,  „ 

{Carbon  which  acts  as  a  tetrad  and  dyad. 
Iron       „  „  „  „ 

Tin        ,,  „  „  „ 

As  an  example  of  the  first  group,  the  members  of 
which  can  act  as  hexads,  tetrads,  or  dyads,  we  will 
take  sulphur.  The  sulphur  atom  as  a  hexad  is  repre- 
sented graphically  as  possessing  six  affinities,  thus  : 


ch^p.  II.]     Variation  OF  Quantivalence. 
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\  / 

—  S  — 

/  \ 

Now,  supposing  two  of  the  six  affinities  cease  to 
exert  their  atom-fixing  power,  which  can  be  imagined 
by  supposing  a  paii-  'of  affinities  to  grasp  one  another 
and  so  neutralise  their  fixing  powers,  the  sulphur  atom 
will  then  only  be  exerting  an  atom-fixing  power  re- 
presented by  four,  and  will  therefore  be  acting  as  a 
tetrad.  The  sulphur  atom  in  this  condition  is  repre- 
sented graphically  thus : 

\  / 

—  S  — 

o 

Again,  suppose  two  pairs  of  affinities  to  grasp  or 
neutralise  one  another,  the  sulphur  atom  will  then 
only  have  two  affinities  capable  of  exerting  a  uniting 
or  combining  power,  and  will  therefore  be  acting  as  a 
dyad  or  bivalent.  The  sulphur  atom  in  this  condition 
is  represented  graphically  thus  : 


—  S  — 

o 

For  instance,  in  sulphuric  anhydride  (S^'O^)  the 
sulphur  is  exerting  its  full  sexivalent  atomicity  ;  in 
sulphurous  anhydride  (S'^O.V)  the  sulphur  is  only 
exerting  quadrivalent  atomicity  ;  in  sulphuretted  hy- 
drogen (His")  the  sulphur  is  only  exerting  bivalent 
atomicity. 

When  two  affinities  neutralise  one  another,  the  act 
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is  spoken  of  as  a  pair  of  affinities  becoming  latent ; 
that  is,  the  combining  power  is  not  destroyed,  but  is 
simply  rendered  latent  or  is  hidden  for  the  time,  for 
it  is  possible,  by  chemical  means,  to  com])el  these 
pairs  of  latent  affinities  to  unloose  themselves  and  to 
exert  their  full  atom-hxing  power.  Thus,  as  the 
student  will  learn  later,  it  is  possible  to  compel  the  S 
in  HoS,  in  which  it  is  acting  as  a  dyad,  to  unloose  a 
pair  of  its  latent  affinities  and  act  as  a  teti-ad,  and,  in 
like  manner,  sulphur  exerting  the  atomicity  of  a 
tetrad  can  be  made  to  exert  its  full  atom-tixing  power 
as  a  hexad,  by  the  opening  of  its  last  pair  of  latent 
affinities. 

We  will  now  consider  how  it  is  that  nitrogen  is 
capable  of  acting  as  a  pentad,  triad,  and  monad. 
Nitrogen  when  it  exerts  its  full  atom-fixing  powers  is 
a  pentad,  and  is  therefore  represented  graphically  as 
possessing  five  affinities,  thus  : 


/  \ 

If  a  pair  of  these  affinities  become  latent,  the 
nitrogen  atoms  will  then  only  have  three  affinities  left 
free,  and  will  then  be  exerting  the  power  of  a  triad  ; 
in  this  condition  it  may  be  represented  graphically 
thus : 

o 

If  now  another  pair  of  affinities  become  latent, 
the  nitrogen  atom  will  then  only  have  one  affinity  left 
free,  and  will  then  exert  only  the  power  of  a  monad, 
thus : 


Chap.  II.]     Variation  of  Quantivalence. 
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0^0 

For  instance,  in  nitdc  anhydride  (N^  Og )  the  nitro- 
gen is  exerting  quinquivalent  atomicity  ;  in  nitrous 
anhydride  (N^'Og)  the  nitrogen  is  only  exerting 
trivalent  atomicity  ;  in  nitrous  oxide  or  laughing  gas 
(Nl.O")  the  nitrogen  is  only  exerting  univalent 
atomicity. 

The  remarks  just  used  in  dealing  with  nitrogen  as 
a  pentad  and  a  ti-iad  apply  to  the  three  elements 
phosphorus,  arsenicum,  and  antimony,  which  are 
capable  of  acting  as  pentads  and  triads.  Tlie  atoms  of 
these  three  elements  when  they  act  as  pentads  are 
represented  graphically  thus  : 


^As  Sb 
/  \  /  \  /  \ 

When  acting  as  triads,  or  only  exerting  trivalent 
atomicity,  a  pair  of  affinities  become  latent,  and  the 
atoms  of  the  three  elements  would  then  be  represented 
graphically  thus  : 

•000 

Por  instance,  in  phosphoric  anhydride  (PaO")  the 
phosphorus  is  exerting  its  full  power  as  a  pentad  or 
quinquivalent ;  in  phosphorous  anhydride  (P" 'o!,')  the 
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phosphorus  is  only  exerting  the  power  of  a  triad  or 
trivalent. 

In  arsenic  anhydride  (As^Os)  arsenicum  is 
exerting  its  full  power  as  a  pentad  or  quinquivalent  ; 
in  arsenious  anhydinde  (Asa'D")  the  arsenicum  is 
only  exerting  the  power  of  a  tricid  or  trivalent. 

In  pentachloride  of  antimony  (Sb^Clg)  the  anti- 
mony is  exerting  its  full  power  as  a  pentad  or  quin- 
quivalent ;  in  the  trichloride  of  antimony  (Sb"'Cl;',) 
the  antimony  is  only  exerting  the  power  of  a  triad  or 
trivalent. 

We  will  now  briefly  consider  the  cases  of  the  three 
elements  carbon,  iron,  and  tin,  the  last  in  the  list  on 
page  26  of  elements  possessing  varying  quanti valences. 
These  three  elements  are  capable  of  exerting  both 
quadrivalent  and  bivalent  atomicities ;  the  atoms  of 
the  three  elements  when  acting  as  tetrads  or  quadriva- 
lents  ai'e  represented  graphically  thus  : 


When  only  acting  as  dyads  or  only  exerting  bivalent 
atomicity,  a  pair  of  affinities  become  latent,  and  the 
atoms  of  the  three  elements  are  then  represented 
graphically  thus  : 


For  instance,  in  carbonic  acid  gas  (C'^O!,')  the 
carbon  is  exerting  its  full  atom-fixing  power  as  a 
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tetrad  or  quadrivalent;  in  carbonic  oxide  (C"0") 
the  cai'bon  is  only  exerting  the  power  of  a  dyad  or 
bivalent. 

In  ferric  chloride  (Fea^ClJ,)  the  iron  is  exerting  its 
full  power  as  a.  tetrad  or  quadrivalent.  (N.B. — The 
student  will  very  likely  imagine  on  inspection  of  this 
formula  tliat  the  iron  is  only  acting  as  a  triad  or 
trivalent,  since  two  atoms  of  iron  are  satisfied  by  six 
univalent  chlorine  atoms  ;  the  structure  of  this 
apparently  abnoi'mal  molecule  will  be  explained 
when  we  come  to  deal  with  formulte  in  Chapter  IV. 
In  ferrous  chloride  (Fe"Cli)  the  iron  is  only  exert- 
ing part  of  its  atom-fixing  power,  namely,  that  of  a 
dyad  or  bivalent. 

lii  stannic  chloride  (Sn'^Cl",)  the  tin  is  exerting 
its  full  atom-fixing  power  as  a  tetrad  or  quadrivalent  ; 
in  stannous  chloride  (Sn"Ol!,)  the  tin  is  only  exerting 
the  power  of  a  dyad  or  bivalent. 
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CHAPTER  III. 

Acidulous  Radicals — Elenientaiy  Eadicals— Compound  lladicals — 
Quantivaleuces  of  Acidulous  Radicals — Acids — Bases— Salts. 

ACIDULOUS  RADICALS. 

The  term  radical  signifies  an  unsaturated  body, 
a  body  that  requires  something  to  combine  with  it 
and  saturate  it  before  it  is  capalile  of  existing.  Acidu- 
lous- radicals  may  be  divided  into  two  groups, 
<'lciueiitary  and  coiiipoiiml  radicals.  An 
eleiiioiitary  radical  consists  of  an  element  in  an 
unsatuiated  condition — for  example,  chlorine  is  the 
acidulous  radical  found  in  all  chlorides  ;  an  elementary 
radical  always  consists  of  one  atom  of  the  element. 
A  molecule  of  chlorine  is  represented  by  the  formula 
Clg,  and  is  capable  of  existing  in  the  free  state,  for 
the  affinities  of  the  two  chlorine  atoms  are  capable  of 
uniting  with  and  saturating  each  other — 

CI— CI 

Graphic  represeutation  of  chlorine  as  a  molecule. 

The  radical  chlorine  is  represented  by  the  symbol 
CI,  and  is  incapable  of  existing  in  the  free  state,  for 
it  is  unsaturated ;  that  is,  the  affinity  is  unoccupied, 
thus : 

CI— 

Graphic  representation  of  chlorine  as  a  radical. 

It  can  therefore  be  comprehended  that  the  radical 
chlorine  requires  something  to  combine  with  its  free 
affinity  and  saturate  it. 
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A  coiii|>ouiid  rndicnl  is  composed  of  a  group 
of  elements  tliat  do  uot  completely  saturate  one 
another,  and  which,  therefore,  require  to  be  saturated 
by  some  other  body  or  bodies  in  order  to  be  capable 
of  existing.  By  the  quantivalence  of  a  radical  is 
meant  its  degree  of  vinsaturation ;  thus,-  a  univalent 
radical  would  require  one  atom  of  a  univalent  element 
to  combine  with  and  saturate  it ;  a  bivalent  radical 
would  require  two  atoms  of  a  univalent  element  to 
saturate  it;  a  trivalent  radical  would  require  three 
atoms  of  a  univalent  element,  and  so  on. 

We  will  now  take  a  few  examples,  and  show  by 
graphic  representations  that  it  is  the  degree  of  un- 
saturation  of  a  radical  (simple  or  compound)  that 
determines  its  quantivalence  or  atom-fixing  power. 

1.  As  examples  of  univalent  acidulous  radicals, 
we  will  select  the  radicals  of 

(«)  Chlorides    Cl' 

(6)  Nitrates    NO^ 

(c)  Nitrites    NO^ 

(rf)  Cyanides    CN'" 

(«)  The  radical  of  chlorides  (CI)  is  the  atom  of 
the  element  chlorine,  which  being  a  univalent  element 
has,  therefore,  a  combining  power  represented  by  one. 

CI— 

Graphic  representation  of  the  radical  of  chlorides. 

(6)  The  radical  of  nitrates  (N^O")  consists  of 
three  bivalent  oxygen  atoms  united  with  one  quin- 
quivalent nitrogen  atom ;  the  five  affinities  of  the 
nitrogen  atom  would  therefore  be  capable  of  com- 
bining with  five  out  of  the  six  affinities  of  the  three 
oxygen  atoms,  leaving  one  affinity  unsaturated,  and 
therefore  constituting  the  radical  a  univalent  one. 
D— 32 
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0 

1! 

N— O— 

11 
O 

Graphic  representation  of  the  radical  of  nitrates. 

(c)  In  the  radical  of  nitrites  (N"'02)  the  nitrogen 
is  only  exerting  trivalent  atomicity  (a  pair  of  its 
affinities  being  latent),  and  is  united  with  two  bivalent 
oxygen  atoms  ;  the  three  free  affinities  of  the  nitrogen 
atom  will  therefore  saturate  three  out  of  the  four 
affinities  of  the  two  oxygen  atoms,  leaving  one  affinity 
unsaturated,  and  therefore  constituting  the  radical  a 
univalent  one. 

O 

II 

N— 0— 

u 

Graphic  representation  of  the  radical  of  nitrites. 

{cl)  In  the  radical  of  cyanides  (C'^N^)  an  atom  of 
the  quadrivalent  element  carbon  is  united  with  an 
atom  of  the  quinquivalent  element  nitrogen  ;  the  four 
affinities  of  the  carbon  atom  will  therefore  combine 
Avith  four  out  of  the  five  affinities  of  the  nitrogen 
atom,  leaving  one  affinity  unsaturated,  and  so  con- 
stituting the  radical  a  univalent  one. 

c=]sr— 

Graphic  representation  of  the  radical  of  cyanides. 

2.  As  examples  of  bivalent  acidulous  radicals  we 
will  take  the  radicals  of 
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{a)  Oxides    O" 

(b)  Sulphides    S"  .. 

(c)  Sulphates    SO" 

(a)  The  radical  of  oxides  (0")  is  the  atom  of  the 
element  oxygen,  which,  being  a  bivalent  element,  has 
a  combining  power  represented  by  two. 

—0— 

GrftpMc  representation  of  the  radical  of  oxides. 

(6)  In  all  sulphides  the  sulphur  (S"),  as  a  radical, 
is  only  exerting  bivalent  atomicity,  two  pairs  of 
affinities  of  the  sexivalent  sulphur  atom  being  latent. 

o 

—  s  — 

o 

Graphic  representation  of  the  radical  of  sulphides. 

(c)  In  the  radical  of  sulphates  (SO"),  one  atom 
of  sulphur  which  is  exerting  its  full  sexivalent 
atomicity  is  united  with  four  atoms  of  the  bivalent 
oxygen ;  the  six  affinities  of  the  suljDhur  atom  will 
satisfy  or  combine  with  six  out  of  the  eight  affinities 
of  the  four  oxygen  atoms,  leaving  two  affinities  un- 
saturated, and  therefore  constituting  the  radical  a 
bivalent  one. 


— O—  S  — 0— 


Graphic  representation  of  the  radical  of  sulphates. 
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Name.  Formula. 

Radical  of  Chromates  ...    CrO^ 

„        Carbonates...   CO3 

„        Oxalates    ...       ...       ...       ...  C2O4 

„        Tartrates   C4H4O1 


TRIVALENT  ACIDULOUS  RADICALS. 


Name. 
Radical  of  Borates 

„        Arsenitos  .. 
,,        Arseniates ., 
,,  Phosphates 
,,  Citrates 


rormula. 
BO3 
AsOa 
AsOj 
PO4 
CoHgO? 


QUADRIVALENT  ACIDULOUS  RADICALS. 

Name.  Formula. 

Radical  of  Silicates   Si04 

„        Ferrocyanides    FeCgNg  or  FeCy^ 


SEXIVALENT  ACIDULOUS  RADICALS. 

Name.  Formula. 
Radical  of  Ferricyanides   Fe^C^jNio  or  FegCy] 


The  formulae  of  these  acid  radicals  and  their 
quanti valences,  together  with  the  symbols  of  the  ele- 
ments and  their  atomicities  (see  list  on  page  22),  must 
be  thoroughly  committed  to  memory  ;  the  student  will 
then  be  able  easily  to  construct  a  formula,  and,  know- 
ing how  to  construct  formulae,  the  representation  of 
chemical  reactions  by  means  of  equations  is  but  another 
step  forward.  Before  dealing  with  the  construction 
of  formulae  and  equations,  it  will  be  as  well,  at  this 
stage  of  the  work,  to  introduce  to  the  notice  of  the 
student  three  most  important  classes  of  bodies,  viz. 
acids,  bases,  and  salts. 

Acids  are  bodies  that  always  contain  hydrogen, 
which  hydrogen  is  capable  of  being  partially  or  entirely 
displaced  by  a  metal,  to  form  a  salt ;  in  fact,  the  com- 
bination of  any  one  of  the  acidulous  radicals  with  its 
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equivalent  quantity  of  hydrogen,  forms  an  acid.  Acids 
that  contain  one  atom  of  displaceable  hydrogen  are 
called  monobasic  ;  those  containing  two  atoms  of  dis- 
placeable hydrogen,  dibasic ;  those  containing  three 
atoms  of  displaceable  hydrogen,  tribasic  ;  and  so  on. 
Thus  nitric  acid  (H'NO'a),  which  is  composed  of  the 
univalent  nitric  radical  united  with  one  atom  of 
hydrogen,  is  an  example  of  a  monobasic  acid ;  sul- 
phuric acid  (HoSO"),  which  is  composed  of  the  biva- 
lent sulphuric  radical  united  Avith  two  atoms  of  hy- 
drogen, is  an  example  of  a  dibasic  acid ;  phosphoric 
acid  (H3PO4"),  which  is  composed  of  the  trivalent 
phosphoric  radical  vinited  with  three  atoms  of  hydrogen, 
is  an  example  of  a  tribasic  acid.  It  should  be  care- 
fully remembered  that  when  the  term  "  acid  "  is  ap- 
plied' to  a  body  destitute  of  hydrogen,  the  term  is 
erroneously  employed ;  for  example,  the  so-called 
"arsenious  acid"  (As^Og)  of  the  British  Pharma- 
copceia  cannot  be  an  acid,  for  it  contains  no  hydrogen ; 
it  is  the  anhydride  of  arsenious  acid,  an  anhydride 
being  derived  from  an  acid  by  the  abstraction  of  the 
elements  of  water.  Two  distinguishing  characters 
possessed  by  most  acids  are  a  sour  taste  and  the  pro- 
perty of  changing  the  colour  of  blue  litmus  paper  to 
red. 

Bases  are  bodies  that  are  capable  of  combining 
with  acids,  and,  by  so  doing,  destroying  their  peculiar 
properties.  Bases  generally  possess  a  caustic  or  alka- 
line taste,  and  have  the  property  of  changing  the 
colour  of  red  litmus  paper  to  blue.  Bases  may  be 
divided  into  three  classes  ; 

(i)  Oxides,  of  which  lime,  or  oxide  of  calcium 
(CaO),  and  magnesia,  or  oxide  of  magnesium  (MgO), 
may  be  mentioned  as  examples. 

(ii)  Hydrates,  of  which  caustic  potash,  or  hy- 
drate of   potassium   (KHO),  and   slaked  lime,  or 
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Name.  Formula. 

Radical  of  Chi'omates  ...    CrO^ 

„        Carbonates  CO3 

,,        Oxalates    C2O4 

„        Tartrates   C^H^Og 


TEIVALENT  ACIDULOUS  RADICALS. 


Name. 
Radical  of  Borates 

„        Arsonitcs  ... 

Arseniates  . . . 
„  Phosphates 
,,  Citrates 


Formula. 
...  BO3 

  AsO, 

...  ASO4 
...  PO4 

.       ...  C^H^Ov 


QUADRIVALENT  ACIDULOUS  RADICALS. 

Name.  Formula. 

Radical  of  Silicates    Si04 

„       Ferrocj'anides     ...       ...    FeCgNg  or  FeCyg 


SEXIVALENT  ACIDULOUS  RADICALS. 

Name.  Formula. 
Radical  of  Ferricyanides   FeoCjjNia  or  FejCyu 


The  formulae  of  these  acid  radicals  and  their 
quanti valences,  together  with  the  symbols  of  the  ele- 
ments and  their  atomicities  (see  list  on  page  22),  must 
be  thoroughly  committed  to  memory  ;  the  student  will 
tlien  be  able  easily  to  construct  a  formula,  and,  know- 
ing how  to  construct  formulse,  the  representation  of 
chemical  reactions  by  means  of  equations  is  but  another 
step  forward.  Before  dealing  with  the  construction 
of  formulae  and  equations,  it  will  be  as  well,  at  this 
stage  of  the  work,  to  introduce  to  the  notice  of  the 
student  three  most  important  classes  of  bodies,  viz. 
acids,  bases,  and  salts. 

Acids  are  bodies  that  always  contain  hydrogen, 
which  hydrogen  is  capable  of  being  partially  or  entirely 
displaced  by  a  metal,  to  form  a  salt ;  in  fact,  the  com- 
bination of  any  one  of  the  acidulous  radicals  with  its 
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equivalent  quantity  of  hydrogen,  forms  an  acid.  Acids 
that  contain  one  atom  of  displaceable  hydrogen  are 
called  rnonobasic  ;  those  containing  two  atoms  of  dis- 
placeable hydrogen,  dibasic;  those  containing  three 
atoms  of  displaceable  hydrogen,  tribasic  ;  and  so  on. 
Thus  nitric  acid  (H'NO!,),  which  is  composed  of  the 
univalent  nitric  radical  united  with  one  atom  of 
hydrogen,  is  an  example  of  a  monobasic  acid ;  sul- 
phuric acid  (H.\SO"),  which  is  composed  of  the  biva- 
lent .sulphuric  radical  united  \vith  two  atoms  of  hy- 
di'ogen,  is  an  example  of  a  dibasic  acid ;  phosphoric 
acid  (HaPOj"),  which  is  composed  of  the  trivalent 
phosphoric  radical  united  with  three  atoms  of  hydrogen, 
is  an  example  of  a  tribasic  acid.  It  should  be  care- 
fully remembered  that  when  the  term  "  acid  "  is  ap- 
plied to  a  body  destitute  of  hydrogen,  the  term  is 
erroneously  employed ;  for  example,  the  so-called 
"arsenious  acid"  (As^Oa)  of  the  British  Pharma- 
copoeia cannot  be  an  acid,  for  it  contains  no  hydrogen ; 
it  is  the  anhydride  of  arsenious  acid,  an  anhydride 
being  derived  from  an  acid  by  the  abstraction  of  the 
elements  of  water.  Two  distinguishing  characters 
possessed  by  most  acids  are  a  sour  taste  and  the  pro- 
perty of  changing  the  colour  of  blue  litmus  paper  to 
red. 

Bases  are  bodies  that  are  capable  of  combining 
with  acids,  and,  by  so  doing,  destroying  their  peculiar 
properties.  Bases  generally  possess  a  caustic  or  alka- 
line taste,  and  have  the  property  of  changing  the 
colour  of  red  litmus  paper  to  blue.  Bases  may  be 
divided  into  three  classes  : 

(i)  Oxides,  of  which  lime,  or  oxide  of  calcium 
(CaO),  and  magnesia,  or  oxide  of  magnesium  (MgO), 
may  be  mentioned  as  examples. 

(ii)  Hydrates,  of  which  caustic  potash,  or  hy- 
drate of   potassium   (KHO),  and   slaked  lime,  or 
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hydrate  of  calcium  (Ca2H0),  may  Ije  mentioned  us 
examples. 

(iii)  A  small  class  of  bodies,  of  -which  the  best 
known  membei',  ammonia  gas  (NH3),  may  be  men- 
tioned as  a  typical  example. 

Salts  are  the  comj^ounds  resulting  from  the  action 
of  a  base  on  an  acid ;  an  acid  salt  is  obtained  by  the 
partial  neutralisation  of  an  acid  by  a  base,  so  that 
its  properties  are  partly  those  of  an  acid  and  partly 
those  of  a  salt ;  some  examples  of  acid  salts  will 
shortly  be  given. 
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CHAPTER  IV. 

Formulse — Construction  of  Formulre — Formulse  of  the  Elements — 
Appsirently  Abnormal  Foraaiilfe — Molecular  "Weights— Speci- 
fic Gravities  of  Gases  and  Vapours — Empirical,  Molecular,  and 
Constitutional  Formulte — Uses  of  Terminations. 

FORMULA. 

A  formula  is  a  representation  of  the  composition 
of  a  body  by  means  of  symbols,  which  may  be  re- 
garded as  chemical  shorthand ;  it  consists  of  a  grouping 
of  the  symbols  of  tlie  elements  composing  the  body, 
with  numbers  attached  to  these  symbols  indicating  the 
proportions  in  which  the  elements  occur  in  the  body ; 
when  no  number  is  attached  to  the  symbol  of  an  ele- 
ment, the  number  one  is  understood.  We  will  now 
show,  by  a  few  examples,  how  to  construct  the  formulae 
of  acids  and  salts. 

An  acid  is  simply  a  compound  of  an  acidulous 
radical  with  hydrogen.  Hydi-ogen  being  a  univalent 
element,  a  univalent  acidulous  radical  will  unite  with, 
and  be  saturated  by,  one  atom  of  hydrogen  ;  thus  : 

H'CI'  is  the  formula  of  hydrochloric  acid. 
H'NO],      „  „     nitric  acid. 

H'CaHsOji  ,,  „     acetic  acid. 

A  bivalent  acidulous  radical  will  require  two 
atoms  of  the  univalent  hydrogen  to  saturate  it ;  thus  : 

H2SO4  is  the  formula  of  sulphuric  acid. 
HijCnO"  ,,     oxalic  acid. 

Hj  C4H4O6  „     tartaric  acid. 
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A  trivalent  acidulous  radical  will,  in  its  turn,  re- 
quire three  atoms  of  hydrogen  to  saturate  it  and  form 
an  acid  ;  thus  : 

H3BO3"     is  the  formula  of  boracic  acid. 
H3PO4'        „  „      phosphoric  acid. 

HaCgHgO"'   „  „      citric  acid. 

A  quadrivalent  acidulous  radical  will  require  four 
atoms  of  hydrogen  to  saturate  it  and  form  an  acid  \ 
thus : 

H4  SiOi^  is  the  formula  of  silicic  acid. 
HjFeCgNe^    ,,         „     hydroferrocyanic  acid. 

The  student  can  therefore  construct  the  formula 
of  any  acid  by  remembering  the  formula  and  quan- 
tivalence  of  the  acidulous  radical  of  that  acid,  and 
then  uniting  the  radical  with  its  equivalent  number 
of  hydrogen  atoms. 

The  construction  of  the  formulae  of  salts  is  as  easy 
as  that  of  acids,  though  some  of  them  may  appear,  at 
first,  more  complex.  We  will  first  consider  the 
formulae  of  salts  containing  univalent  acidulous 
radicals. 

Chloride  of  sodium  is  formed  by  the  union  of  the 
univalent  element  sodium  with  the  univalent  radical 
chlorine,  its  formula  is  therefore 

Na'Cr. 

In  the  case  of  chloride  of  barium,  two  equivalents 
of  the  univ^alent  radical  chlorine  will  be  required  to 
satisfy  the  bivalent  metal  barium ;  the  formula  is 
therefor(i  : 

Ba'Clj. 
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Nitrate  of  bismuth  will  require  three  equivalents 
of  the  univalent  nitric  radical  to  satisfy  one  equiva- 
lent of  the  trivalent  metal  bismuth,  its  formula  is 
therefore  : 

Bi"'(N03);. 

Chloride  of  platinum  will  require  four  equivalents 
of  the  univalent  radical  chlorine  to  satisfy  one  equiva- 
lent of  the  quadrivalent  element  platinum,  its  formula 
is  therefore  : 

Pt*"Cli. 

We  will  next  take  a  few  examples  of  the  formulae 
of  salts  containing  bivalent  acidulous  radicals. 

Sulphate  of  potassium  is  composed  of  the  univalent 
metal  potassium  united  with  the  bivalent  sulphuric 
radical ;  two  equivalents  of  tlie  former  will  therefore 
be  required  to  satisfy  one  of  the  latter,  so  that  the 
formula  is  : 

Carbonate  of  calcium  consists  of  the  bivalent 
metal  calcium  united  with  the  bivalent  carbonic 
radical  ;  one  equivalent  of  each  will  therefore  satisfy 
one  another,  so  that  the  formula  is  : 

ca"co;\ 

Oxide  of  bismuth  consists  of  the  trivalent  metal 
bismuth  united  with  the  bivalent  element  oxygen. 
Now,  two  atoms  of  the  trivalent  element  bismuth  will 
combine  \vith  and  be  saturated  by  three  atoms  of  the 
bivalent  element  oxygen,  for  the  two  atoms  of  a 
trivalent  element  and  three  of  a  bivalent  one  will 
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both  have  an  equal  atom-fixing  power  represented  by 
six ;  the  formula  of  oxide  of  bismutli  is  therefore  : 

Bi^O^. 

Oxide  of  silicon  is  composed  of  the  quadrivalent 
silicon  united  with  the  bivalent  oxygen  ;  one  atom  of 
the  silicon  will  therefore  combine  with  two  atoms  of 
oxygen,  so  that  the  formula  is  : 

Si'^0'\ 

Phosphorus  pentoxide  or  phosphoric  anhydride 
is  composed  of  the  quinquivalent  phospliorus  united 
with  the  bivalent  oxygen.  Now,  for  a  quinquivalent 
and  a  bivalent  to  balance  one  another,  two  atoms  of 
the  foi'mer  must  be  united  with  five  of  the  latter,  for 
they  will  then  both  have  an  equal  atom-fixing  power 
represented  by  ten ;  the  formula  is  therefore  : 

We  will  now  practise  the  construction  of  the 
formulre  of  salts  containing  trivalent  acidulous 
radicals. 

The  formula  of  citrate  of  potassium  requires  the 
union  of  the  univalent  element  potassium  with  the 
trivalent  citric  radical ;  three  atoms  of  the  former  will 
satisfy  one  equivalent  of  the  latter  ;  the  formula  is 
therefore  : 

The  formula  of  phosphate  of  calcium  requires  the 
union  of  the  bivalent  metal  calcium  with  the  trivalent 
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phosphoric  radical.  Now,  three  equivalents  oE  the 
bivalent  calcium  will  satisfy  two  equivalents  of  the 
trivalent  phosphoric  radical,  for  they  will  then  both 
possess  an  atom-fixing  power  represented  by  six  ;  the 
formula  is  therefore  : 

Cai'(PO,)f. 

Citrate  of  bismuth  being  composed  of  the  trivalent 
metal  bismuth  united  with  the  trivalent  citric  radical, 
an  equivalent  of  each  will  form  a  saturated  com- 
pound ;  the  formula  is  therefore  : 

0       0  * 

We  will  lastly  give  two  examples  of  the  formulae 
of  salts  containing  quadrivalent  acidulous  radicals. 

The  formula  of  ferrocyanide  of  potassium  requires 
the  union  of  the  univalent  metal  potassium  with  the 
quadrivalent  I'adical  of  ferrocyaiiides.  Evidently,  four 
equivalents  of  the  former  will  satisfy  one  of  the 
latter  ;  the  formula  is  therefore  : 

KlFeCyi^ 

Silicate  of  calcium  is  composed  of  the  bivalent 
metal  calcium  united  with  the  quadrivalent  silicic 
radical ;  two  equivalents  of  the  former  will  therefore 
satisfy  one  of  the  latter  ;  the  formula  is  therefore  : 

Ca^Si07. 

The  student  will  find  it  good  practice  to  write  out 
the  formulfe  of  the  following  salts,  and  have  the 
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results  looked  over  by  a  teacher  or  some  other  com- 
petent person : — 


Iodide  of  potassium. 
Bromide  of  magnesium. 
Acetate  of  copper. 
Chlorate  of  calcium. 
Hydrate  of  bismuth. 
Cyanide  of  lead. 
Tartrate  of  silver. 
Carbonate  of  sodiimi. 
Oxalate  of  calcium. 


Sulphide  of  bismuth. 
Sulphite  of  zinc. 
Oxalate  of  bismuth. 
Borate  of  sodium. 
Phosphate  of  lead. 
Citrate  of  magnesium, 
Silicate  of  potassium. 
Ferrocyanide  of  zinc. 
Ferricyanide  of  lead. 


FORMUL..E  OF  THE  ELEMENTS. 

The  formvil?e  of  the  elements  can  easily  be 
remembered,  as,  with  six  exceptions,  elements  con- 
tain two  atoms  in  the  molecule  ;  thus  the  formula  of 
hydrogen  is  Hjj,  this  may  be  represented  graphically 
thus : 

H— H, 

showing  the  affinity  of  the  one  hydrogen  atom  uniting 
with  the  affinity  of  the  other  hydrogen  atom,  and  so 
producing  a  saturated  body  or  molecule. 

The  formula  of  oxygen  is  O,,  which  may  be  re- 
presented graphically  by  placing  the  two  affinities 
of  the  one  oxygen  atom  as  uniting  with  and  saturating 
the  two  affinities  of  the  other  oxygen  atom,  thus  : 

0=0. 

The  six  exceptions  to  the  rule  of  the  molecule  of 
an  element  containing  two  atoms  are  mercury,  zinc, 
and  cadmium  (which  only  contain  one  atom  in  the 
molecule),  phosphorus  and  arsenicum  (which  contain 
four  atoms  in  the  molecule),  and  a  modified  or  con- 
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densed  form  of  oxygen  known  as  ozone  (which  contains 
three  atoms  in  the  molecule). 

The  formula  of  Mercury  is  tlierefore  Hg. 

„      Zinc  „  Zn. 

„  „      Cadmium        ,,  L/d. 

„          „      Phosphorus     „  P4. 
„         „      Ai-senicum      „  As^. 
„  „      Ozone  „  0;t. 

In  the  cases  of  mercury,  zinc,  and  cadmium,  the 
student  will  no  doubt  wonder  how  an  atom  can  exist 
in  the  free  state  as  a  molecule,  that  is,  as  a  fully 
saturated  body  ;  these  three  elements  are  dyads,  and 
it  is  therefore  quite  conceivable  that  the  atom  of  a 
dyad  element  might  exist  singly  in  the  free  state,  its 
two  affinities  satisfying  each  other  ;  this  may  be  repre- 
sented graphically  thus  : 


APPARENTLY  ABNORMAL  FORMULA. 

Before  proceeding  to  the  study  of  the  writing  of 
equations,  it  will  be  as  well  to  remove  an  obstacle 
from  the  student's  path  by  explaining  the  constitution 
of  those  few  bodies,  the  formulas  of  which  are  appa- 
rently abnormal,  and  which  at  tirst  sight  seem  to 
disagree  with  the  remai'ks  just  made  on  the  construc- 
tion of  formulae. 

To  give  an  illustration  of  what  is  meant,  we  will 
take  as  an  example  ferric  chloride  (perchloride  of 
iron).  Iron,  as  it  exists  in  ferric  salts,  will  be  found 
classed  among  the  quadrivalent  elements  or  tetrads 
(page  22).  Now,  the  formula  of  ferric  chloride  is  FegClg, 
in  which  the  iron  is  apparently  only  acting  as  a  triad. 
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The  theoretical  explanation  of  this  formula  is  that  an 
affinity  of  the  one  iron  atom  is  joined  to  an  affinity  of 
the  other  iron  atom,  so  that  only  six  affinities  of  the 
two  atoms  are  left  free  to  combine  with  the  chlorine. 
The  condition  of  the  two  iron  atoms  in  ferric  chloride 
may  be  represented  graphically  thus  : 

I  I 
— Fe  Fe— 

I  I 

Now,  since  the  correctness  of  this  explanation 
entirely  depends  on  a  knowledge  of  the  fact  that  the 
formula  of  ferric  chloride  is  FenCl,;  and  not  FeCl.,,  it 
is  necessary  to  explain  how  such  knowledge  is  ob- 
tained ;  but  before  doing  so,  a  brief  description  of  the 
relation  of  molecular  weights  to  the  specific  gravities 
of  gases  and  vapours  must  be  given,  in  order  to 
render  the  matter  that  follows  intelligible. 

Molecular  weights.— The  molecular  weight  of 
any  body  (solid,  liquid,  or  gas)  is  the  siim  of  the 
atomic  weights  of  the  elements  composing  its  mole- 
cule.   Thus,  the  molecular  weight  of  oxygen  is  32. 

Oo  =  16  X  2  =  32. 

The  molecular  weight  of  hydrochloric  acid  is  36  5. 

H  =  1 

CI  =  35;5 

36-5 

The  molecular  weight  of  nitric  acid  is  63. 

H  =  1 

N  =14 

O3  =  16  X  3  =  48 

63 
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The  molecuLar  weight  of  .sulphate  of  potassium  is 


Specific  §:ravities  of  g^ases. — The  specific 
gravity  of  a  gas  is  its  weight  as  compared  with  the 
weight  of  an  equal  volume  of  hydrogen  at  the  same 
temperature  and  under  the  same  atmospheric  pressui'e ; 
hydrogen  being  taken  as  the  standard,  and  having  its 
specific  gravity  represented  as  unity.  The  molecular 
weight  of  hydrogen  being  2(Hj=lx2  =  2),  and 
its  specific  gravity  1,  it  is  evident  that  the  specific 
gravity  of  hydrogen  is  half  its  molecular  weight ;  and 
this  applies  to  all  other  gases,  both  simple  and  com- 
pound, viz.  the  specific  gravity  of  any  gas  is 
liaif  its  molecular  weight.  The  specific  gravities 
of  the  elementary  gases — hydrogen,  oxygen,  nitrogen, 
and  chlorine — will  be  the  same  as  their  atomic 
weights ;  for,  since  they  all  contain  two  atoms  in  the 
molecule,  their  molecular  weights  are  the  double  of 
their  atomic  weights.  The  specific  gravity  of  any 
compound  gas  can  be  calculated  by  finding  its  mole- 
cular weight  and  then  halving  it ;  thus,  the  specific 
gravity  of  carbonic  acid  gas  (OOo)  is  22,  of  sulphur- 
etted hydrogen  (HoS)  17,  of  ammonia  gas  (NH3)  8-5. 


174. 


K3  =  39  X  2 
S 

O4  =  16  X  4 


:  78 
:  32 
:  64 

174 


Carbonic  acid  gas. 


C  =12 
O2  =  16  X  2  =  32 

2  )  44  molecular  weight. 

22  specific  gravity. 
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Sulphuretted  hydrogen. 


H 
S 


1x2=2 
=  32 


2  )  34  molecular  weight. 
17  specific  gravity. 


Ammonia  gas. 


N 


=  14 
1x3=3 


2)17  molecular  weight. 
8*5  specific  gi'avity. 


From  what  has  just  been  stated,  it  is  evident  that 
the  molecular  weight  of  a  gas  can  be  easily  deter- 
mined by  experimentally  taking  the  specific  gravity 
of  the  gas,  and  tlien  doubling  that  specific  gi'avity. 

Now,  ferric  chloride  on  the  application  of  heat 
becomes  a  vapour,  and  vapours  are  nothing  more 
than  gases,  and  therefore  ai"e  subject  to  the  laws  that 
govern  gases.  Now,  if  the  specific  gravity  of  the 
vapour  of  ferric  chloride  be  taken  and  be  then 
doubled,  the  molecular  weight  of  ferric  chloride  is 
obtained,  and  it  is  then  found  to  correspond  with  the 
molecular  weight  given  by  the  formula  FegClg,  and 
not  with  that  given  by  the  formula  PeClg  :  for  ex- 
ample, the  specific  gravity  of  ferric  chloride  vapour  is 
162"5  :  this,  when  doubled,  gives  325,  which  is  the 
molecular  weight  given  by  the  formula  PegClg. 


Fe2=  56  X  2  =  112 
CL  =  35-5  X  6  =  213 


2  )  325  molecular  weight. 


162  5  sp.  gr.  of  vapour. 
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If  the  formula  of  ferric  chloride  were  FeClg,  then 
the  specific  gravity  of  its  vapour  would  only  be  81-25. 

Fe  =  56 

CI3  =  35-5  X  3  =  106-5 

2)162-5 

81-25 

The  student  must  therefore  i-emember  to  represent 
all  ferric  compounds  as  containing  at  least  two  atoms 
of  iron  in  the  molecule. 

It  is  for  a  similar  reason  that  aluminium  com- 
pounds contain  two  atoms  of  aluminium  linked 
together  in  a  molecule,  and  therefore  aluminium  appa- 
rently acts  as  a  triad,  although  it  is  in  reality  a  tetrad. 
The  constitution  of  the  two  atoms  of  aluminium  in 
chloride  of  aluminium  (AlgClg)  may  be  represented 
thus : 

I  I 
— Al  Al— 

I  I 

Another  class  of  compounds  that  must  be  men- 
tioned here,  that  possess  apparently  abnormal  formulae, 
are  the  mercurous  salts,  or  lower  salts  of  mercury. 
In  some  works  on  chemistiy,  mercury  is  stated  to  be 
a  dyad  in  mercuric  salts,  and  a  monad  in  mercurous 
salts :  for  example,  the  formula  of  mercuric  chloride 
is  HgClj,  and  that  of  mercurous  chloride  is  repre- 
sented (in  such  books)  as  HgCl.  Now  it  is  impossible 
to  conceive  a  dyad  atom  acting  as  a  monad,  ior  one 
affinity  cannot  render  itself  latent ;  but  if  the  formulse 
of  mercurous  salts  are  represented  as  containing  two 
atoms  of  mercury  in  the  molecule,  the  explanation  as 
to  why  mercury  in  those  salts  apparently  acts  as  a 
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monad  is  then  rendered  easy.  Thus,  if  tlie  formula  of 
mercurous  chloride  be  written  HgoClj  (the  douVjle  of 
HgCl),  the  constitution  of  the  two  mercury  atoms 
may  then  be  represented  graphically  thus  : 

-Hg-Hg- 

Where  each  mercury  atom  possesses  only  one  free 
affinity,  the  other  affinities  being  employed  in  linking 
the  two  atoms  together,  the  mercury  in  this  condition 
is  called  a  pseudo-monad  (false  monad)  ;  it  is  only  ap- 
parently a  monad,  for  in  reality  mercury  is  always  a 
dyad.  The  reason  why  some  chemists  represent  the 
formula  of  mercurous  chloride  as  HgCl  instead  of 
HgoClj,  is  on  account  of  the  specific  gravity  of  its 
vapour  being  117'75,  which  is  half  the  weight  given 
by  the  formula  HgCl ; 

Hg  =  200 
CI  =  35-5 

2)  235-5 


117-75 


This  apparently  crushing  fact  is,  however,  quite 
compatible  with  what  is  doubtless  the  correct  formula 
of  mercurous  chloride  :  viz.  HgoClo,  for  when  con- 
verted into  vapour,  mei-curous  chloride  no  doubt  dis- 
sociates into  equal  volumes  of  mercuric  chloride  and 
mercury  vapours  :  that  is,  UggCl^  splits  up  into  HgClo 
and  Hg,  and  the  mean  of  the  specific  gravities  of  these 
two  substances  in  the  state  of  vapour  is  117-75  ;  thus  : 

Hg  =  200 

01.  =  35-5x2=  71 

2)271  .  , 

-—— —  j  specific  gravity  of 
135-5  I   HgClo  vapour. 
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Hg  =  200 
2)200 

100  specific  gravity  of  Hg  vapour. 

135 -5  specific  gravity  of  HgClo  vapour. 
100        „  „         Hg  ^ 

2  )  235*5 

"   J  mean  of  the  specific  gravities  of 

117-75  I         vapours  of  HgOla  and  Hg. 

EMPIRICAL,  MOLECULAR,  AND  CONSTI- 
TUTIONAL FORMULA. 

An  empirical  formula  is  the  simplest  possible 
expression  of  the  composition  of  a  body :  that  is,  it 
simply  represents  the  elements  composing  a  body,  and 
their  relative  proportions  to  one  another. 

A  molecular  formula  indicates  the  number  of 
atoms  in  the  molecule  of  a  body,  but  does  not  show 
the  arrangement  of  those  atoms. 

A  constitutional  or  rational  formula  indi- 
cates not  only  the  number  of  atoms  in  the  molecule  of 
a  body,  but  also  the  way  in  which  those  atoms  are  ar- 
ranged :  that  is,  it  exhibits  the  constitution  or  archi- 
tecture of  the  body. 

The  empirical  and  molecular  formulae  of  many 
bodies  are  identical,  but  in  order  to  illustrate  the 
meanings  of  the  three  definitions  just  given,  we  will 
take  as  an  example  acetic  acid,  which  possesses  dis- 
tinct empirical,  molecular,  and  constitutional  formulae. 

The  empirical  formvda  of  acetic  acid  is 

CH^O, 

which  simply  represents  that  acetic  acid  is  composed 
of  the  three  elements  carbon,  hydrogen,  and  oxygen, 
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and  that  to  every  atom  of  carbon  there  are  two  atoms 
of  hydrogen  and  one  of  oxygen. 

The  molecular  formula  of  acetic  acid  is 

which  indicates  the  number  of  atoms  in  the  molecule, 
and  in  this  case  is  the  double  of  the  empirical  formula. 

The  coiistitntioiial  or  rational  formula  of 
acetic  acid  is 

which  indicates  that  one  atom  of  hydrogen  has  a  dif- 
ferent arrangement  to  the  other  three  liydrogen  atoms, 
and  that  these  three  hydrogen  atoms  are  grouped  to- 
gether with  the  carbon  and  oxygen  atoms,  forming  the 
acetic  radical  CoH^Og. 

USES  OF  TERMINATIONS. 

In  order  to  apply  the  correct  names  to  the  various 
chemical  compounds,  the  student  must  become  ac- 
quainted with  the  different  terminations  used  in  speak- 
ing of  the  various  acids,  salts,  etc.  For  instance,  he 
will  continually  ha^•e  to  use  the  terms  chloride,  iodide, 
sulphite,  sidphnte,  and  will  often  come  across  acids  and 
salts,  to  the  names  of  which  the  terminations  -oiis  and 
-ic  are  affixed,  such  as  sulphurous,  nitrous,  sulphuric, 
and  nitric  acids,  ferrous,  ferric,  mercurous  and  mer- 
curic salts.  We  will  now  proceed  to  explain  the  uses 
of  the  different  terminations. 

Sometimes  an  element,  in  uniting  with  hydrogen 
and  oxygen  to  form  an  acid,  unites  with  different 
quantities  of  oxygen  to  form  different  acids  ;  the  ter- 
mination -ic  is  then  applied  to  the  acid  containing  the 


Chap.  IV.]         Uses  of  Terminations. 


55 


most  oxygen,  and  the  termination  -ous  to  that  con- 
taining the  smaller  proportion  of  oxygen  ;  thus  : 


H.,S04  is  sulphuric  acid, 
HJfOs  is  nitric  acid. 
H3A8O4  is  arsenic  acid. 
HCIO3  is  chloric  acid. 


H2SO3  is  sulphuroM*  acid. 
HNO2  is  nitro2(«  acid. 
H3A8O3  is  arsenioM*  acid. 
HClOo  is  chloroMs  acid. 


The  termination  -ate  is  applied  to  the  salts  of  those 
acids  that  possess  tlie  termination  -ic,  and  the  termin- 
ation -ite  is  applied  to  the  salts  of  those  acids  that 
terminate  in  -ous  ;  thus  : 


JL,S04  is  sulphflic  \ 

KNO3   is  nitrate  f  t)otas 

K3As04is  arsenifffe  ( 

KCIO3  is  chlorate  ) 

Occasionally,  after  the  naming  of  a  group  of  acids, 
an  acid  has  been  discovered  containing  a  greater  propor- 
tion of  oxygen  than  the  one  to  which  the  termination 
-ic  was  applied  j  the  prefix  pe?--  (abbreviation  of  super, 
above)  is  then  attached  to  the  name  of  the  acid  ending 
in  -ic,  to  distinguish  the  new  acid ;  thus  : 


K2SO3  IS  sulphide 
KNO3   is  nitride 
K3ASO3  is  arsenide 
KCIO.,  is  chloriilc 


HCIO4  ia  perchloric  acid, 
HCIO3  being  chloric  acid. 

On  the  other  hand,  an  acid  is  sometimes  dis- 
covered containing  a  smaller  proportion  of  oxygen 
than  the  acid  to  which  the  termination  -ous  had  been 
applied ;  the  prefix  hypo-  (signifying  under)  is  then 
attached  to  the  name  of  the  acid  ending  in  -ous,  to 
distinguish  the  new  acid  ;  thus  : 


HCIO2  being  chlorous  acid, 
HCIO  is  hypochlorous  acid. 
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When  an  acid  contains  an  element  for  its  acidu- 
lous radical,  the  prefix  hydro-  (abbreviation  of  hydro- 
gen) is  used  ;  thus  : 

HCl  is  hydrociAoric  acid. 
HF  is  //yrfrofiuoric  acid. 
HBr  is  hydrobvoxmc  acid. 
HI    is  hi/dr iodic  acid. 

The  termination  -ide  is  used  in  connection  with 
those  salts  that  possess  an  element  as  their  acidulous 
radical ;  thus  : 

NaCl  is  chloride  of  sodium. 
KI    is  iodide  of  potassium. 
FeS  is  8ulphi«/c  of  iron. 
HgO  is  oxide  of  mercury. 

As  was  mentioned  in  the  article  on  the  quantiva- 
lence  of  the  elements,  some  elements  are  capable  of 
exerting  different  combining  powers ;  those  com- 
pounds in  which  an  element  is  exerting  its  full  com- 
bining power  are  distinguished  by  having  the  termin- 
ation -ic  attached  to  their  names,  the  termination  -ous 
being  attached  to  the  names  of  those  compounds  in 
which  the  element  is  exerting  part  of  its  combining 
power  only  ^  thus  : 


r^O"   is  phosphoric  \  anhj-- 
AslO'i  is  arsenic        )  ^ride. 
Fo'2  Clo    feiT tc  chloride. 
Sn'^  Cl^  is  stannic  chloride. 


P"'03  is  phosphorous  ^  anhy- 
As'J'O'j  isarsenio?«     /  iride. 
Fe"Clj  is  feiTOus  chloride. 
Sn"Cl^  is  stannoiM-  chloride. 


Sometimes  the  prefixes  per-,  and  jiroto-  or  sub-,  are 
respectively  employed  instead  of  the  terminations  -ic 
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and  -ous;  thus,  ferric  chloride  may  be  called  perchlo- 
ride  of  iron,  and  ferrous  chloride  the  ^;rotochloride  or 
swichloride  of  iron  ;  stannic  chloride  may  be  called 
the  ^Je?-chloride  of  tin,  and  stannous  chloride  the  froto- 
chloride  or  sit6chloride  of  tin. 
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CHAPTER  V. 

Chemical  Equations  —  Classification  of  Chemical  Equations  — 
Methods  of  Writing  Chemical  Equations. 

CHEMICAL  EQUATIONS. 

The  changes  that  occur  when  two  or  more  sub- 
stances act  chemically  upon  one  another  are  repre- 
sented by  placing  on  the  left  the  formulae  of  the 
substances  as  they  exist  before  the  change,  connected 
with  each  other  by  the  sign  -f,  signifying,  as  in 
algebra,  addition ;  on  the  right  are  formulated  the 
substances  as  they  exist  after  the  change,  connected 
together,  as  before,  by  the  sign  -|-,  and  connected 
with  the  left  hand  portion  by  the  sign  of  equality  = ; 
such  a  collection  of  symbols  is  known  as  a  chemical 
equation.  A  thorough  knowledge  of  the  repre- 
sentation of  chemical  reactions  by  means  of  equations 
is  absolutely  necessary,  and  careful  attention  should 
be  given  to  this  subject.  An  endeavour  will  be  made 
now  to  simplify  the  matter  by  arranging  it  in  a 
systematic  and  definite  manner,  commencing  with 
reactions  that  are  represented  by  simple  equations, 
and  then  proceeding  step  by  step  to  the  representation 
of  the  more  difficult  and  complex  reactions. 

A  large  number  of  chemical  reactions  come  under 
one  or  more  of  the  four  following  divisions,  in  each 
of  Avhich  a  typical  equation  constructed  of  letters 
represents  the  kind  of  action  taking  place: — 

I.  ANALYSIS  (uva,  up;  \uo-ic,  separation) : 


AB  =  A  +  B. 
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II.  SYNTHESIS  {avv,  together  ;  etVic,  placing) : 

A  +  B  =  AB. 

III.  SINGLE  DECOMPOSITION  : 

AB  +  0  =  A  +  BC 
or 

AB  +  C  =  AC  +  B. 

IV.  DOUBLE  DECOMPOSITION: 

AB  +  CD  =  AC  +  BD 
or 

AB  +  CD  =  AD  +  BC. 

We  will  now  take  several  examples  of  equations 
that  come  under  these  four  heads  : — 

I.  ANALYSIS  (typical  equation  AB=A4-B).— 
Under  this  head  will  come  those  equations  which 
represent  the  splitting  up  of  a  compound  body  into 
its  elements,  or  into  less  complex  bodies.  Thus  (a), 
when  mercuric  oxide  is  heated,  it  splits  up  into  its 
elements  mercury  and  oxygen  : 

HgO  =  Hg  +  O. 

This  equation  is  not  as  yet  quite  correct,  for  it 
represents  an  atom  of  oxygen  as  possessing  independent 
existence,  which  is  an  impossibility.  We  must,  there- 
foi'e,  represent  two  molecules  of  mercuric  oxide  in  the 
equation,  which  will  then  produce  a  molecule  of 
free  oxygen  (Og)  which  is  capable  of  existing  in  the 
free  state,  thus  : 

.  2HgO  ^  2Hg  +  O2. 
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The  number  is  placed  before  the  Hg  to  represent 
two  molecules  of  mercury,  for  mercury  is  one  of  the 
three  elements  (Hg,  Zn,  Cd)  that  contain  only  one 
atom  in  the  molecule. 

The  student  must  remember  to  represent  the 
existence  of  molecules  in  equations,  and  tlierefore 
equations  will  frequently  have  to  be  doubled,  as  in 
the  case  of  the  one  just  given.  In  order  to  refer  to 
a  few  more  equations  that  come  in  the  first  division 
(Analysis),  we  will  take  the  three  following  examples : — 

(6)  Oxide  of  silver  when  heated  splits  up  into 
silver  and  oxygen  : 

2Ag30  =  2Ag2  +  Og. 

On  the  right  hand  part  of  this  equation  the  small 
2  at  the  base  of  the  Ag  represents  two  atoms  or  one 
molecule  of  silver,  the  large  2  multiplies  the  whole 
and  therefore  represents  two  molecules  of  silver. 

(c)  The  following  equation  represents  the  decom- 
position of  water  into  its  elements,  a  decomposition 
that  can  be  brought  about  by  means  of  electricity  : 

2HoO  =  2H2  +  Og. 

In  this  equation  two  molecules  of  HoO  are  taken, 
so  that  the  liberation  of  a  molecule  of  oxygen  (Oo) 
may  be  represented. 

{(I)  The  next  equation  represents  the  manner  in 
which  chlorate  of  potassium  (KCIO3)  splits  up,  when 
heated,  into  chloride  of  potassium  and  oxygen  : 

2KCIO3  =  2KC1  +  30,. 

The  equation  KCIO3  =  2KC1  +  O3  would  not  be 
correct  since  it  represents  the  formation  of  a  mole- 
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cule  and  a  half  of  oxygen,  and  half  a  molecule  is 
incapable  of  a  free  existence.  The  large  number  2 
placed  before  the  KCIO3  multiplies  everything  after 
it  as  far  as  the  sign  = ;  the  small  3  placed  under  the 
O  is  therefore  multiplied  by  the  large  2. 

II.  SYNTHESIS  (typical  equation  A  +  B=AB). 
— Equations  of  this  kind  represent  the  combination 
together  of  elements  to  form  compounds,  and  also 
the  combination  of  simple  compounds  to  form  more 
complex  compounds. 

(a)  The  following  equation  represents  the  forma- 
tion of  -water  by  the  union  of  hydrogen  and  oxygen  : 

+  03  =  2H2O. 

The  equation  Hj  +  O  =  HoO  would  not  be 
correct,  as  O  represents  an  atom  of  oxygen  which 
cannot  exist  in  the  free  state  (it  will  not  be  necessary 
to  explain  again  why,  in  similar  equations  to  this,  the 
double  number  is  taken  to  prevent  the  representation 
of  a  fi'ee  atom). 

(6)  The  next  equation  represents  the  formation  of 
sulphide  of  iron  (FeS)  by  the  union  of  iron  and 
sulphur  (which  can  be  effected  by  means  of  heat)  : 

Feo  +  So  =  2  FeS. 

(c)  The  following  equation  represents  the  forma- 
tion of  sulphur  dioxide  (SOg)  by  the  combustion  of 
sulphur  in  oxygen  ; 

S2  -f  2O2  =  2SO2. 

III.  SIMPLE  DECOMPOSITION  (typical  equa- 
tions AB  +  C  =  A  -1-  BC  and  AB  +  C  =  AC  +  B). 
— The  student  will  meet  with  numerous  equations  of 
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this  kind  in  the  study  of  Chemistry.  The  following 
are  a  few  examples  : 

(a)  The  action  of  zinc  on  hydrochloric  acid  (HCl), 
when  chloride  of  zinc  (ZnClg)  is  formed  and  hydrogen 
set  free : 

Zn  +  2HC1  =  ZnCIg  + 

(h)  The  action  of  iron  on  dilute  sulphuric  acid 
(HoSO^),  when  sulphate  of  iron  (FeSO.J  is  formed  and 
hydrogen  set  free : 


Fe.2  +  2H2SO^  =  2FeS04  +  2H3. 


(c)  The  reduction  of  oxide  of  copper  (CuO)  to  the 
metallic  state  by  means  of  charcoal,  a  decomposition 
that  is  effected  by  heating  the  two  together,  when  the 
carbon  abstracts  the  oxygen,  forming  carbon  dioxide 
(COo)  : 

4CuO  +  02=  2Cu2  +  2CO2. 

In  this  equation  it  is  necessary  to  take  so  as  to 
represent  a  molecule  of  cai'bon,  and  since  the  two 
atoms  of  carbon  require  four  atoms  of  oxygen  to  form 
2CO2,  four  molecules  of  CuO  must  be  taken  to  fur- 
nish the  requisite  amount  of  oxygen, 

(0?)  The  formation  of  reduced  iron  (finely-divided 
iron),  which  is  obtained  by  passing  hydrogen  over 
heated  ferric  oxide  (FegOg),  when  the  hydrogen  ab- 
stracts the  oxygen,  with  the  formation  of  water  and 
free  iron : 

FegOg  +  3H2  =  Feg  +  SHgO. 


In  this  equation  it  is  necessary  to  take  3Ho  in 
order  to  furnish  sufficient  hydrogen  to  unite  with  the 
three  atoms  of  oxygen  contained  in  the  FeoOg. 
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IV.  DOUBLE  DECOMPOSITION  (typical 
equations  AB  +  CD  =  AC  +  BD  and  AB  +  CD 
=  AD  +  BC). — Equations  of  this  class  are  the  most 
general  that  the  student  will  meet  with,  reactions  of 
double  decomposition  being  of  most  common  occur- 
rence. We  will  take  several  examples  of  such 
equations. 

When  an  oxide  of  a  metal  dissolves  in  an  acid,  as 
a  rale,  double  decomposition  takes  place,  the  metal  of 
the  oxide  uniting  with  the  acid  radical  of  the  acid  to 
form  a  salt,  and  the  oxygen  of  the  oxide  uniting  in 
its  turn  with  the  hydrogen  of  the  acid  to  form  water ; 
thus  : 

(«)  Equation  representing  the  action  of  hydro- 
chloric acid  (HCl)  on  oxide  of  zinc  (ZnO)  : 

ZnO  -t-  2HC1  =  ZnClo  +  HjO. 

(6)  Equation  representing  the  action  of  nitric  acid 
(HNO3)  on  oxide  of  copper  (CuO)  : 

CuO  -f-  2HNO3  =  Cu(N03)3  +  HgO. 

(c)  Equation  representing  the  action  of  hydro- 
chloric acid  (HCl)  on  ferric  oxide  (EegOg)  : 

FeaOg  -f  6HC1  =  FcjClg  -f-  SHgO. 

In  writing  this  equation  the  student  would  have 
to  bear  in  mind  that  ferric  chloride  contains  six  atoms 
of  chlorine  in  the  molecule;  he  would  then  write 
down  6HC1  to  furnish  the  six  atoms  of  chlorine,  the  six 
atoms  of  hydrogen  being  just  suflBcient  to  unite  with 
the  three  atoms  of  oxygen  of  the  FcgOg  to  form  water. 

When  a  hydrate  of  a  metal  dissolves  in  an  acid 
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double  decomposition  takes  place,  the  metal  of  the 
hydrate  uniting  with  the  acid  radical  of  the  acid  to 
form  a  salt,  and  the  radical  of  the  hydrate  (HO)  at 
the  same  time  uniting  with  the  hydrogen  of  the  acid 
to  form  water ;  thus  : 

(c?)  Equation  representing  the  action  of  hydro- 
chloric acid  on  caustic  potash  (hydrate  of  potassium) : 

KHO  +  HCl  =  KCl  +  H2O. 

(e)  Equation  representing  the  action  of  sulphuric 
acid  on  slaked  lime  (hydrate  of  calcium)  : 

Ca(HO)^  -f  HsSO^  =  CaSO.^  +  2H3O. 

When  solutions  of  two  soluble  salts  are  mixed 
together  and  an  insoluble  salt  (called  the  precipitate) 
is  produced,  the  reaction  is  generally  one  of  double 
decomposition ;  thus : 

(y)  Equation  representing  the  precipitation  of 
sulphate  of  barium  (BaSO^)  by  adding  sulphuric  acid 
(HoSOJ  to  solution  of  chloride  of  barium  (BaClo) : 

BaClo  +  H2SO4  =  BaSOj  +  2HC1. 

((7)  Equation  repi'esenting  the  precipitation  of 
carbonate  of  calcium  (CaCOg)  by  the  addition  of  solu- 
tion of  carbonate  of  sodium  (NagCOg)  to  solution  of 
chloride  of  calcium  (CaClg) : 

CaCla  +  NagCOa  =  CaCOg  +  2NaCl. 

(7t)  Equation  representing  the  precipitation  of 
mercuric  iodide  (Hgig)  by  the  addition  of  solution  of 
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iodide  of  potassium  (KI)  to  solution  of  mercuric 
clUoride  (HgCl,) : 

HgCL  +  2KI  =  Hglo  +  2KC1. 

Several  equatious  are  more  complex  than  those 
that  have  been  given  as  yet,  the  products  of  decom- 
position being  frequently  more  numerous  than  two, 
and  sometimes  more  than  two  substances  taking  pai  t 
in  a  reaction.  Nothing  but  actual  practice  can  teach 
a  student  such  reactions ;  but  the  writing  of  equations 
can  be  very  much  simplified  by  a  classification,  so  far 
as  that  is  practicable,  which  we  will  now  give,  together 
with  some  hints  that  may  prove  useful  on  the  methods 
of  writing  equations. 

(i)  The  number  of  atoms  on  the  right  hand  side 
of  an  equation  must  correspond  with  those  on  the 
left  hand  side ;  this,  indeed,  is  evident  from  the 
230sition  of  the  sign  of  equality  (=),  for  one  side  of  an 
equation  could  not  be  equal  to  the  other  unless  the 
number  of  atoms  contained  on  the  one  side  corre- 
sponded with  those  on  the  other.  So  that,  after  writing 
an  equation,  the  student  should  always  verify  it,  by 
seeing  if  the  number  of  atoms  are  equal  on  each 
side. 

(ii)  Whenever  a  hydrate  of  a  metal  dissolves  in 
an  acid,  a  salt  of  the  metal  and  water  are  produced. 


Examples. 

KHO  HCl    =     KCl     -f  HgO 

Potassium  H  j  drochloric  Potassium  Water, 
hydrate.  acid.  chloride. 


2KH0 

Potassium 
hydrate. 

r— 32 


+  H^SO^ 

.  Sulphuric 
acid. 


KgSO^        +  2H2O 

Potassium  Water, 
sulpliate 
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Ca(H0)2 

Calcium 
hydrate. 

+ 

2HC1  = 

Hydrochloric 
acid. 

CaCl, 

Calcium 
chloride. 

+ 

2H2O 
Water. 

Zn(HO)o 

Zinc 
hydrate. 

+ 

H^SO,  = 

Sulphuric 
acid. 

ZnSO^ 

Zinc 
sulphate. 

+ 

2H.,0 

Water. 

re2(H0)(., 

Ferric 
hydrate. 

+ 

6HC1  = 

Hydrochloric 
acid. 

FeoClg 

Ferric 
chloride. 

+ 

6H2O 
Water. 

Cu(HO)o 

Copper 
hydrate. 

+ 

2HNO3  = 
Nitric 
acid. 

Cu(N03)2  + 

Cupric 
nitrate. 

2HoO 

Water. 

When  commencing  to  write  an  equation  of  this 
class,  the  formuhie  of  the  hydrate,  acid,  and  salt  formed 
should  first  be  written  down,  the  formula  of  the  salt 
will  then  indicate  the  number  of  molecules  of  hydrate 
and  acid  required  :  for  instance,  in  the  fifth  equation 
the  formula  FeoClg  shows  that  one  molecule  of 
Fe2(H0)(.  will  be  required  to  furnish  the  Fe^,  and 
that  6HC1  will  be  required  to  furnish  the  Cl^, ;  having 
found  these  numbers,  the  H  of  the  acid  and  the  HO 
of  the  hydrate  will  always  be  in  the  proportion  to 
form  HoO. 

(iii)  When  an  oxide  of  a  metal  dissolves  in  an 
acid,  as  a  rule,  a  salt  of  the  metal  and  water  are 
produced,  the  only  exceptions  being  the  2}6'>'Oxides  or 
higher  oxides  of  the  metals. 

Examples. 

BaO      +    2HC1    =    BaCl2    +  H2O 

Barium  Hydrochloric  Barium  Water, 

oxide.  acid.  chloride. 


CaO      +    2HC1    =    CaClg    +  HoO 

Calcium  Hydrochloric         Calcium  Water, 

oxide,  acid,  (jhloride. 
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MgO  +   H3SO4  =  MgSO^  +  H2O 

Magnesivim          Sulphuric  Magnesium  Water, 

oxide.                 acid.  sulphate. 

FegOg  +    6HC1  =   FegClg    +  SHgO 

Ferric            Hydrochloric  Ferric  "Water, 

oxide.                acid.  chloride. 

SbjOg  +    6HC1  =  2SbCl3   +  SHoO 

Antimouy         Hydrochloric       Antimony  Water, 

oxide.                 acid.  chloride. 

PbO  +   2HNO3  =Pb(N03)2+  H3O 

Lead                 Nitric  Lead  Water, 

oxide.                 acid.  nitrate. 

CuO  +  2HNO3  =Cu(N03)2+  HoO 

Copper                Nitric  Copper  Water, 

oxide.                 acid.  nitrate. 


When  commencing  to  write  an  equation  of  this 
kind,  the  formulae  of  the  oxide  and  the  acid  employed 
should  be  written  down  on  the  left  hand  side  of  the 
equation,  and  the  formula  of  the  salt  produced  should 
be  written  on  the  right  hand  side,  the  latter  will  then 
indicate  the  number  of  molecules  of  acid  that  must  be 
taken  :  thus,  in  the  last  equation  of  the  above  group, 
the  formula  Cu(N03)2  indicates  that  2HNO3  must  be 
taken  to  furnish  the  (N03)2,  the  2H  of  the  acid  and 
the  O  of  the  oxide  will  then  be  in  the  proportion  to 
form  water. 

(iv)  Whenever  a  carbonate  of  a  metal  dissolves 
in  an  acid,  a  salt  of  the  metal,  water,  and  carbon  di- 
oxide (carbonic  acid  gas)  are  produced,  the  latter  being 
evolved  with  effervescence. 

Examples. 

K2CO3  +  2HC1  =  2KC1    +   CO2    +  H3O 

Potassium    Hydrochloric  Potassium         Carbon  Water, 
carbonate.         acid.  chloride.  dioxide. 
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Sodium        Sulphuric        Sodium  Curbon  Water, 

carbonate.  acid.  sulpliate.  dioxide. 

CaCO.,  +2HN03=Ca(N03),+   COo   +  H^O 

Calcium  Nitric  Calcium  Carbou  Water, 

carbonate.         acid.  nitrate.  dioxide. 

It  will  be  noticed  in  these  equations  that  tlie 
radical  of  tlie  carbonate  CO3  splits  up  into  COo  and 
O,  the  former  escaping  and  the  latter  uniting  with 
the  Ho  of  the  acid  to  form  water. 

(v)  When  a  metal  dissolves  in  hydrochloric  acid, 
a  chloride  of  the  metal  is  always  formed,  and  hydrogen 
evolved. 

Examples. 
Zn     +    2HC1    =    ZnClo    +  H3 

Zinc.  Hydrochloric  Zinc  Hydrogen, 

acid.  chloride. 

Fe.,    +    4HC1     =   2FeCl2  +  SH., 

Iron.         Hydrochloric         Ferrous  Hydrogen, 
acid.  chloride. 

(vi)  When  a  metal  dissolves  in  dilute  siiljihuric 
a  id,  a  sulphate  of  the  metal  is  always  formed  and 
hydrogen  evolved. 

Examples. 
Zn     +    H„SO.,   =  ZnSO^   +  Hg 

Zinc.  Sulphuric  Zinc  Hydrogen, 

acid.  sulphate. 

+  2H2SO^  =  2FeS0,  +  21i^ 

Iron!  Sulphuric  Ferrous  Hydrogen, 

acid.  sulphate. 


(vii)  When  a  metal  dissolves  in  strong  sulphuric 
acid,  a  sulphate  of  the  metal  is  formed  and  sulphur 
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dioxide  (S0„)  evolved  ;  the  only  common  metals  whose 
sulphates  are  made  by  the  action  of  strong  sulphuric 
acid  on  them  are  coppei-,  mercury,  and  silver. 

Examples. 

Cuj    +4H2SO^=  2CuS0^  +  2SO2  +  4H3O 

Copper.        Sulplmric         Copper  Sulphur  "Water, 

acid.  sulphate.  dioxide. 

Hg    +2H2S04=  HgSO.4  +    SO2   +  2H2O 

Mercury.       Sulphuric       Mercuric  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Ag2    +  2H2S04=  AgoSO.^  +    SO2   +  2H3O 

Silver.        Sulphuric  Silver  Sulphur  Water, 

acid.  sulphate.  dioxide. 

It  will  be  noticed  in  each  of  these  equations  that 
tvAce  as  much  acid  is  taken  as  is  requii'ed  to  furnish 
SOj  for  the  sulphate,  the  extra  SO^  splitting  up  into 
SOo  and  O,,  the  former  escaping  and  the  latter  uniting 
with  the  hydrogen  of  the  acid  to  form  water. 

(viii)  The  ordinary  metals  (with  the  exception 
of  tin,  antimony,  arsenicum,  and  zinc)  when  acted 
upon  witli  slightly  diluted  nitric  acid,  form  metallic 
nitrates  and  evolve  nitrogen  dioxide  (NgOg). 

Examples. 

Agr,  +  8HN03=  GAgNOg  +  NgOg  +  4H2O 

Silver.       Nitric  acid.  Silver  Nitrogen  Water. 

nitrate.  dioxide. 

Cu.,  +8HN0.5=3Cu(N03)2+  NgOo  +  4H2O 

Copper.      Nitric  acid.         Copper  Nitrogen  Water. 

nitrate.  dioxide. 

Pb.  +8HN03=3Pb(N03)3+  N-gOg  +  4H2O 

Lead.       Nitric  acid.         Lead  Nitrogen  Water. 

nitrate.  dioxide. 
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Hgg  +8HN03=3Hg(N03)3+  N0O3  +  4H2O 

Mercury.    Nitric  acid.        Mercuric  Nitrogen  Water. 

nitrate.  dioxide. 

Bia  +8HN03=  2Bi(N03)3  +  NoOj  +  ^,0 

Bismuth.    Nitric  acid.         Bismutli  Nitrogen  Water. 

nitrate.  dioxide. 

It  will  be  noticed  in  all  these  equations,  that 
eight  molecules  of  nitric  acid  (8HNO3)  are  taken ;  a 
sufficient  number  of  atoms  of  the  metal  are  then 
Avorked  into  the  equation  to  unite  with  six  out  of  the 
eight  equivalents  of  the  nitric  radical  present  in  the 
eight  molecules  of  nitric  acid,  the  remaining  two 
equivalents  of  the  nitric  radical  (2NO3)  then  split  up 
into  NoOn  and  O^,  the  former  escaping  and  the  latter 
uniting  with  the  hydi'Ogen  of  the  nitric  acid  to  form 
water. 


71 


iait  M. 

THE  NON-METALLIC  ELEMENTS  AND 
THEIR  PRINCIPAL  COMPOUNDS. 


CHAPTER  1. 
Hydrogen. 

Hydrogen — Modes  of  Preparation— Preparation  of  Hydi'ogen  from 
Water — Properties  of  Hydrogen — Combustion— Graham's  Law 
of  Diffusion — Test  for  Hydrogen. 

HYDROGEN. 

Symbol,  H  ;  formula,  Hg  ;  monad ;  atomic  weight,  1  ; 
molecular  weight,  2, 

Hydrogen  exists  ia  nature  principally  in  combination 
with  oxygen  in  the  form  of  water,  and  it  owes  the 
derivation  of  its  name  (from  i/Swp,  water  ;  ytwau), 
I  produce)  to  the  fact  that  when  united  with  oxygon 
in  certain  proportions,  it  produces  water. 

Jnodes  of  preparation.  —  (i)  Hydrogen  is 
most  conveniently  prepared  by  the  actiol^  of  di- 
luted sulphuric  acid  on  the  metal  zinc.  Pieces  of 
granulated  zinc  are  placed  in  a  generating  flask,  to 
which  is  adapted  a  cork  provided  with  a  bent  delivery- 
tube  and  a  long  funnel ;  sufficient  water  is  then  poui-ed 
into  the  flask  to  cover  the  zinc,  and  on  pouring  strong 
sulphuric  acid  down  the  funnel,  hydrogen  is  evolved 
with  brisk  effervescence,  and  may  be  collected  over 
water  (Fig.  1),  after  sufficient  time  has  been  allowed  to 
elapse  for  the  escape  of  the  air  contained  in  the  flask. 
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Zn     +  H,SO,   =  ZnSO,  +  Ho 

Zmc.  Sulphuric  Zinc  Hydrogen, 

acjd.  sulphate. 

(ii)  In  a  similar  manner  hydrogen  may  be  pre- 
pared by  the  action  of  diluted  sulphuric  acid  on  the 
metal  iron. 


IroD. 


+  2H2SO.J 

Sulphuric 
acid. 


=  SFeSO^  +  2H2 


Ferrous 
sulphate. 


Hydrogen. 


Fig.  l.-Preparation  of  Hydrogen  from  Zinc  and  Sulphuric  Acid. 

(iii)  Hydrogen  may  also  be  obtained  by  the 
action  of  hydrochloric  acid  on  the  metal  zinc,  or  on 
the  metal  iron. 


Zn     +     2HC1  = 

Zinc.  Hydrochloric 
acid. 

Fe.     +    4HC1  = 

Iron.  Hydrochloric 
acid. 


ZnCl^    +  H2 

Zinc  Hydrogen, 
chloride. 


2FeCl2  +  2H, 

Fen-ous  Hydrogen, 
chloride. 


(iv)  Hydrogen  may  be  obtained  from  water  (a) 
by  the  electrohjsts  of  water  (see  water,  page  82)  (b)  by 
abstracting  the  oxygen  from  water,  by  passing  steam 
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over  red-hot  iron  turnings  contained  in  a  heated  iron 
pipe ;  the  iron  unites  with  the  oxygen  of  tlie  steam 
to  form  the  black  magnetic  oxide  of  iron  (FegO^.),  and 
free  hydrogen  passes  on.  This  constitutes  Barff's 
process  for  coating  articles  made  of  iron  with  a  thin 
coating  of  the  magnetic  oxide  of  iron,  which  forms  an 


Fig.  2. — Preparation  of  Hydrogen  from  Potassium  and  Water. 


extremely  hard  surface,  and  effectually  prevents  any 
future  rusting  of  the  article. 

Feg     +    4H2O    =    FegO^  + 

Iron.  Water.  Magnetic  Hydrogen. 

oxide  of  iron. 

(c)  By  the  action  of  either  of  the  metals  potassium 
or  sodium  on  water  at  ordinary  temperatures.  Both 
these  metals  are  lighter  than  water,  and  if  either  of 
them  be  thrown  upon  water,  a  violent  action  takes 
place,  hydrogen  being  evolved.  If  the  hydrogen  is  to 
be  collected,  it  is  necessary  to  wrap  the  piece  of  potas- 
sium or  sodium  in  some  wire  gauze,  which  is  then 
lield  beneath  the  water  under  an  inverted  jar  full  of 
water,  within  which  the  hydrogen  will  then  collect 
(Fig.  2). 
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Both  these  metals  only  liberate  one-half  of  the 
hydi-ogen  of  the  Avater,  uniting  with  tlie  other  half  and 
with  the  oxygen  to  form  respectively  the  hydrate  of 
the  metal,  thus : 


Kg  +  2H2O 

Potassium.  Water. 

Na,  +  2H2O 

Sodium.  Water. 


=  2KH0  +  H2 

Potassium  Hydrogen, 
hydrate. 

=  2NaH0  +  H2 

Sodium  Hydrogen, 
hydrate. 


Properties. — Hydrogen  is  a  colourless,  tasteless, 
and  odourless  gas.  It  is  the  lightest  body  knoAvn, 
and  its  specific  gravity  is  represented  as  1,  the  spe- 
cific gravities  of  other  gases  representing  the  number 
of  times  they  ai'e  heavier  than  hydrogen  ;  air  is  14"4 
times  heavier  than  hydrogen.  The  weight  of  a  litre 
of  hydrogen  taken  at  0°  C.  and  760  mm.  barometric 
pressure  is  "0896  gramme,  and  is  known  as  the  critli 
(from  )cpi0>/,  a  barleycorn)  ;  1  gramme  of  hydrogen  at 
0°  0.  and  760  mm.  barometric  pressure  occupies  11  "2 
litres  (this  latter  fact  will  be  found  extremely  useful 
in  converting  weights  of  various  gases  into  volumes). 
Hydrogen  is  combustible,  burning  with  an  almost  in- 
visible flame  if  pure,  and  forming,  by  union  with  the 
oxygen  of  the  air,  water ;  it  is  a  non-supporter  of 
combustion. 

By  the  term  combustion,  as  ordinarily  employed,  is 
meant  union  with  the  oxygen  of  the  air,  such  union 
being  accompanied  by  the  production  of  heat  and 
light,  so  that  combustion  may  be  defined  as  oxidation 
in  which  the  chemical  action  is  sufficiently  great  to  be 
accompanied  by  the  evident  production  of  heat  and 
light.  It  must,  however,  be  clearly  understood  that 
the  terms  combustible  and  supporter  of  combustion 
are  purely    relative;    thus,    hydrogen   is  combus- 
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tible  in  oxygen,  and  oxygen  is  a  supporter  of 
combustion  ;  but  if  the  atmosphere  consisted  of  hydro- 
gen, then  oxygen  would  burn  in  it,  and  would  then 
be  the  combustible  body,  the  hydrogen  then  being 
the  supporter  of  combustion.  It  therefore  follows, 
according  to  the  accepted  meanings  of  these  terms, 
that  a  combustible  body  cannot  be  also  a  supporter  of 


Fig.  3. — Formation  of  Water  by  the  Combustiou  of  Hydrogen. 

combustion,  nor  conversely  can  a  supporter  of  com- 
bustion be  combustible. 

The  formation  of  water  by  the  combustion  of 
hydrogen  can  be  demonstrated  by  allowing  the  jet  of 
hydrogen  to  bum  within  a  cool  bell-jar,  when  the 
water  condenses  on  the  sides  of  the  glass  (Fig.  3). 

The  hydrogen  flame  is  accompanied  with  the  gene- 
ration of  intense  heat,  of  which  advantage  is  taken 
in  the  production  of  the  lime-light.  A  jet  of  burning 
hydrogen  (produced  by  the  combustion  of  hydrogen 
with  pure  oxygen)  is  directed  on  to  a  piece  of  lime, 
tlie  particles  of  which  are  raised  to  so  high  a  tempera- 
ture as  to  become  incandescent,  and  glowing  at  a  white 
lieat  they  emit  the  dazzling  light  known  as  the  lime- 
light.   The  reason  why  the  ordinary  hydrogen  flame 
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emits  no  light  is,  that  there  is  present  in  it  no  solid 
matter  tliat  can  be  raised  to  a  white  heat  and  so  emit 
light,  for  it  is  essential  that  for  a  flame  to  emit  light 


Fig.  4. — Apparatus  for  Diffusion  of  Gases. 

there  sliould  be  present  in  the  flamfi  some  solid  matter 
capable  of  being  rendered  incandescent ;  in  the  case  of 
the  lime-light  the  lime  is  the  solid  matter  that  is  inti'o- 
duced  into  the  flame,  and  is  rendered  incandescent  by 
the  intense  heat  generated  by  the  burning  hydrogen. 
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When  a  light  is  applied  to  a  mixture  of  liydi-ogen 
and  oxygen,  the  union,  of  the  two  gases  is  accompanied 
by  an  explosion ;  two  volumes  of  hydrogen  unite  with 
one  volume  of  oxygen,  or  two  parts  by  weight  of 
hydrogen  with  sixteen  of  ^oxygen,  to  form  water. 

Hydrogen  is  not  appreciably  soluble  in  water ;  it 
is  not,  in  the  ordinary  sense  of  the  term,  a  poisonous 
gas,  although  it  is  incapable  of  supporting  life.  It  is 
the  most  difiusible  of  all  the  gases ;  by  diffusion  is 
meant  the  property  that  all  gases  have  of  mixing  with 
one  another,  even  in  opposition  to  the  force  of  gravi- 
tation ;  thus,  if  two  flasks  are  taken  (Fig.  4),  the 
lower  one  filled  with  oxygen  and  the  upper  one  with 
hydrogen,  and  are  connected  by  a  long  piece  of  narrow 
glass  tubing  passing  through  a  perforated  cork  in 
each  flask,  although  the  heavier  gas,  oxygen,  is  at  the 
bottom,  and  the  lighter,  hydrogen,  at  the  top,  yet  the 
hydrogen  will  tend  to  difiiise  downwards  into  the 
oxygen,  and  the  oxygen  will  tend  to  diffuse  upwards 
into  the  hydrogen,  until  the  two  gases  are  completely 
mixed.  It  is  by  this  property  of  dlflusion  that  a  small 
quantity  of  a  bad-smelling  gas  escaping,  say  into  the 
corner  of  a  room,  soon  demonstrates  by  its  odour  that 
it  has  become  mixed  with  the  entire  atmosphere  of 
the  room. 

All  gases  do  not  diffuse  at  the  same  rate,  lighter 
gases  diffuse  more  quickly  than  heavier  ones  ;  the  rela- 
tion existing  between  the  rate  of  diffusion  of  a  gas  and 
its  specific  gravity  is  formulated  in  what  is  known  as 
Oraliam's  law  of  the  difiiision  of  §^ases, 
which  is,  that  gases  diffuse  inversely  as  the  square 
roots  of  their  specijic  gravities.  For  instance,  the  spe- 
cific gi'aAdty  of  hydrogen  is  1  that  of  oxygen  1 6  ;  the 
square  root  of  the  former  is  1,  of  the  latter  4  ;  these 
numbers  inverted  give  the  rate  of  diffusion  of  hydro- 
gen as  four  times  that  of  oxygen. 

Hydrogen  is  a  reducing  agent,  by  which  is  meant 
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that,  under  certain  conditions,  it  is  capable  of  abstract- 
ing oxygen  from  a  good  many  bodies  containing  that 
element ;  for  instance,  if  hydrogen  be  passed  over 
fragments  of  red-hot  copper  oxide,  the  oxygen  is  ab- 
stracted by  the  hydrogen  to  form  water,  the  copper 
oxide  being  reduced  to  the  metallic  state  ;  thus  : 


Test. — The  best  test  for  hydrogen  is  its  specific 
gravity,  there  being  no  substance  lighter  than  it. 
The  combined  facts  of  its  being  odourless  and  burning 
with  an  almost  invisible  flame,  would  constitute  a 
fairly  trustworthy  test. 


2CuO 


Copper  Hydrogen, 
oxide. 


-f  2H.3O 


Water. 
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CHAPTER  11. 

OXYGEN — OZONE. 

Oxygen — Modes  of  Preparation — Preparation  of  Oxygen  from 
Water— Electrolysis  of  Water— Preparation  of  Oxygen  from 
Air — Properties  of  Oxygen — Test  for  Oxygen — Oxygen  in  Kela- 
tion  to  Kespiration — Ozone — Preparation — Tests  for  Ozone. 

OXYGEN. 

Symbol,  O  ;  foi-mula,  Og  ;  dyad;  atomic  weight,  16; 
molecular  weight,  32. 

Oxygen  is  present  to  a  veiy  large  extent  in  nature. 
In  the  compounds  composing  the  solid  crust  of  the 
earth  it  exists  in  considerable  proportions,  principally 
in  chalk  and  limestone  (calcium  carbonate — CaCOg^ 
sand  and  flint  (silica — SiOg),  and  clay  (aluminium  sili- 
cate— Al^(SiOj3).  It  constitutes  f  by  weight  of 
water,  and  |^  by  weight  of  air.  Its  name  is  derived 
from  d^wc,  acid,  and  ytvvaot,  I  produce,  since  at 
one  time  it  was  believed  to  enter  into  the  compo- 
sition of  all  acids,  a  belief  which  for  a  long  time  has 
been  known  to  be  erroneous. 

modes  of  preparation. — (i)  By  heating  mer- 
curic oxide  (red  oxide  of  mercury) : 

2HgO   =     2Hg     -f  O2 

Mercuric  oxide.       Mercury.  Oxygen. 

This  method,  although  by  no  means  the  best  one 
for  obtaining  oxygen,  is  of  interest  from  the  fact  that 
it  was  in  this  way  that  oxygen  was  first  obtained  and 
discovered  by  Priestley  in  1774  ;  mercury  possesses  the 
property,  when  heated  to  a  temperature  of  320°  C. 
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with  exposure  to  air,  of  slowly  aljsorbing  oxygen  from 
the  air,  and  forming  mercuric  oxide,  which,  when  the 
temperature  is  raised  a  little  higher,  evolves  its  oxygen, 
the  metal  mercury  being  left.  In  1775  it  was  ob- 
tained independently  by  Scheele,  by  heating  strong 
sulphuric  acid  with  black  oxide  of  manganese  : 

2Mn03  +  2H3S04=2MnSO^+  2H3O  +  Og 

Mauganese      Sulphuric      Manganese        Water.  Osygeu. 
black  oxide.         acid.  sulpbate. 


Fig.  5.— Preparation  of  Oxygen. 


(ii)  One  of  the  best  ways  of  obtaining  oxygen,  for 
experimental  purposes,  is  by  heating  chlorate  of  potas- 
sium in  a  glass  flask,  to  which  is  fitted  a  perforated 
cork  and  bent  tube  for  conveying  the  gas  to  a  pneu- 
matic trough,  where  it  can  be  collected  over  water 
(Fig.  5). 

The  whole  of  the  oxygen  of  the  chlorate  of  potas- 
sium is  evolved,  chloride  of  potassium  being  left : 

2KCIO3  =    2KC1  + 

Potassium        Potassium  Oxygen, 
chlorate.  chloride. 
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(iii)  Oxygen  may  be  obtained  by  strongly  heat- 
ing manganese  dioxide  (black  oxide  of  manganese) 
in  a  gun-barrel  closed  at  one  end,  and  fitted  at  the 
other  end  with  a  perforated  cork  and  tubing  for  carry- 
ing off'  the  gas.  The  manganese  dioxide  only  loses 
one-third  of  its  oxygen,  a  lower  oxide  of  manganese 
being  left : 

3MnOo  =    MngO^   -h  O3 

Manganese       Trimanganic  Oxygen, 
dioxide.  tetroxide. 


(iv)  Oxygen  is  very  readily  obtained  at  a  com- 
paratively low  temperature  by  heating  a  mixture  of 
potassium  chlorate  and  manganese  dioxide ;  the 
oxygen  is  evolved  from  the  chlorate  of  potassium  only, 
but  at  a  much  lower  temperature  than  would  suffice 
if  the  chlorate  were  heated  alone,  possibly  because  the 
manganese  dioxide  (MnOo)  unites  with  the  oxygen  of 
the  chlorate  at  a  low  temperature  to  form  a  higher 
oxide  (MnOg  possibly),  which  being  extremely  un- 
stable, is  immediately  split  up  by  the  heat  into  man- 
ganese dioxide  and  oxygen. 

(v)  Oxygen  may  be  obtained  by  heating  powdered 
bichromate  of  potassium  with  strong  sulphuric  acid. 
(The  student  will  learn  later  that  this  process  is  a 
convenient  one  for  the  oxidation  of  alcohols  to  their 
respective  acids.) 


2K2Cr307  +  8H3SO_^  =  2Cr2(SO,)3  +  2KoSO^  + 

Potassium         Sulphuric         Cliromium  Potassium 
bichromate.  acid.  sulphate.  sulphate. 

8H2O      +  3O2 
Water.  Oxygen. 


(vi)  Oxygen  may  be  obtained  from  water  by  two 
processes :  (a)  the  electrolysis  of  water,  and  (6)  decom- 
position of  it  by  means  of  chlorine. 
G— 32 
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(«.)  Electrolysis  of  loater. — This  consists  in  decom- 
posing water  into  its  elements  by  means  of  a 
current  of  electricity.  A  glass  vessel,  A,  (Fig.  6)  is 
taken,  into  which  project  two  platinum  electrodes, 
which  are  connected  through  the  bottom  of  the  vessel 
with  the  wires  B  and  c,  which  in  their  turn  are  con- 
nected respectively  with  the  positive  and  negative 


poles  of  a  battery.  Some  water  acidulated  with  sul- 
phuric acid  (to  render  it  a  better  conductor  of  elec- 
tricity) is  placed  in  a,  and  two  glass  tubes,  D  and  e, 
are  filled  with  this  acidulated  water,  and  then  in- 
verted over  the  platinum  electrodes.  On  passing  the 
current  of  electricity,  the  water  is  decomposed  into  its 
elements,  the  hydrogen  being  set  free  at  tlie  negative 
pole  or  electrode  (c),  and  the  oxygen  at  the  positive 
pole  or  electrode  (b),  the  hydrogen  collecting  in  the 
tube  placed  over  the  negative  electrode,  and  the  oxygen 
in  the  tube  over  the  positive  electrode.    The  volume 


D 


E 


Pif.  6.— Electrolysis  cf  Water. 
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of  liyilrugeu  evolved  is  double  that  of  the  oxygen, 
although  if  the  volumes  of  the  gases  aie  very  accu- 
rately compared,  it  will  be  found  that  the  oxygen 
measures  slightly  less  than  one-half  the  volume  of  the 
hydrogen,  this  slight  difference  being  due  to  the  greater 
solubility  of  oxygen  in  water,  as  compared  with 
hydrogen. 

(b)  Decomposition  of  water  by  chlorine. — If  chlorine 
and  steam  be  passed  through  a  porcelain  tube  con- 
taining fragments  of  pumice-stone  heated  to  bright 
redness,  the  chlorine  unites  with  the  hydrogen 
of  the  water,  forming  hydrochloric  acid,  and  the 
oxygen  is  set  free  : 

2CL     +    2H2O    =    4HC1    -f  O. 

Chlorine.  "Water.  Hydroolilorio  Oxygen. 

acid. 

If  the  mixture  of  hydrochloric  acid  gas  and 
oxygen  be  passed  through  a  strong  solution  of  caustic 
potash,  the  former  is  absorbed,  potassium  chloride 
being  formed,  and  the  oxygen  is  then  obtained  in  the 
pure  state. 

(vii)  Oxygen  may  be  obtained  from  the  atmo- 
sphere, in  which  it  naturally  occurs  mixed  with  nitro- 
gen in  the  proportions  of  21  volumes  of  oxygen  to 
79  of  nitrogen.  As  there  is  no  method  of  absorbing 
the  nitrogen  from  a  limited  amount  of  air,  and  so 
leaving  tlie  oxygen  in  the  pure  state,  the  method  that 
must  be  resorted  to,  if  it  is  desired  to  obtain  pure 
oxygen  from  the  air,  is  to  roast  some  substance  in 
contact  with  the  air,  which  at  one  temperature  will 
absorb  or  combine  ■with  the  oxygen  of  the  air, 
and  at  another  temperature  will  give  up  in  a  pure 
state  the  oxygen  so  taken  from  the  air.  The  two 
simplest  processes  for  effecting  this  are  («)  the  mercury 
process,  and  (b)  the  baryta  process. 
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(a)  The  mercury  2>f'ocess. — Tliis  process  has  been 
described  on  page  79.  It  is  of  interest  as  being  the 
pi'ocess  by  which  oxygen  was  first  discovered. 

{b)  The  baryta  jn'ocess. —  This  process  depends 
upon  the  metal  barium  possessing  two  oxides, 
a  lower  one,  baryta  (BaO),  and  a  higher  one,  barium 
dioxide  (BaO^).  If  baryta  (BaO)  be  I'aised  to  a  dull 
red  heat,  and  air  be  passed  over  it,  the  oxygen  of  the 
air  is  absorbed,  converting  the  baryta  into  barium  di- 
oxide (BaO-,) : 

2BaO    +      0.      =  2Ba03 

Baryta.  Oxygeu.  Barium 

dioxide. 

If  now  the  barium  dioxide  be  raised  to  a  bright 
red  heat,  it  is  resolved  into  baryta  and  oxygen,  and 
so  the  oxygen  absoi'bcd  from  the  air  is  obtained  in  a 
pure  state : 

2BaO,   =    2  BaO   +  O3 

Barium  Baryta.  Oxygen, 

dioxide.  • 

This  process  is  now  employed  on  a  manufacturing 
scale  for  obtaining  pure  oxygen. 

Pi'opei'ties. — The  specific  gravity  of  oxygen  is 
1 6  ;  it  is  a  little  heavier  than  air.  It  is  colourless,  taste- 
less, and  odourless.  Although  non-combustible,  it  is  a 
powerful  supporter  of  combustion,  substances  burning 
in  oxygen  much  inoi'e  brilliantly  than  they  do  in  air. 
For  instance,  ])hosphorus  burns  with  a  most  intense 
light  in  oxygen,  and  even  a  steel-wire  spiral  tipped 
Avith  a  piece  of  burning  tinder  and  placed  in  a  jar  of 
oxygen  will  burn  brilliantly,  producing  a  shower  of 
oxide  of  iron  sparks  (Fig.  7). 

Oxygen  is  soluble  in  water,  100  volumes  of  water 
dissolving  about  3  volumes  of  oxygen,  and  it  is  by 
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means  of  this  dissolved  oxygen  that  fishes'  blood,  cir- 
culating through  the  gills,  becomes  aerated.  Oxygen 
is,  of  course,  non-poisonous,  being  the  life-sustaining 
principle  of  the  air  ;  but  if  an  animal  be  kept  in  pure 
oxygen  it  rapidly  emaciates,  on  account  of  the  increased 
Avaste  of  tissue  substance  generated  by  the  absorption 
of  pure  oxygen  into  the  blood,  and  this  occurs  although 


Fig.  7. — Combustion  of  Steel-wire  iu  Oxjgen. 

the  animal  may  be  plentifully  supplied  with  food, 
which  it  greedily  devours. 

Test. — The  best  test  for  oxygen  is  one  depending 
upon  its  remarkable  power  of  suppox'ting  combustion ; 
if  a  piece  of  Avood  which  has  been  made  incandescent 
or  glowing  at  one  extremity,  be  plunged  into  ajar  of 
oxygen,  it  bursts  into  flame,  and  constitutes  a  sure 
test  for  oxygen. 

Oxygen  in  relation  to  respiration. — The 
oxygen  of  the  air  taken  into  the  lungs,  during  inspira- 
tion, dissolves  in  part  in  the  moisture  covering  the 
walls  of  the  pulmonary  air-cells,  and  so  passes,  by  a 
process  of  osmosis,  through  the  walls  of  the  blood- 
capillaries  into  the  blood,  where  it  unites  with  the 
hferaoglobin  or  colouring  matter  of  the  blood,  to  form 
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a  compound  called  oxyhajmoglobin.  In  tliis  compound 
the  oxygen  is  conveyed  Ly  the  blood  to  all  the  tissues 
of  the  body,  which  abstract  the  oxygen  from  its  loose 
union  with  the  hjemoglobin,  and  undergo  by  means  of 
it  a  process  of  combustion,  and  it  is  the  heat  resulting 
from  these  chemical  changes  that  suffices  to  maintain 
the  temperature  of  the  human  body.  One  of  the 
necessary  and  chief  products  of  the  oxidation  of  the 
animal  tissues  is  carbon  dioxide,  which  is  absorbed  into 
the  blood,  the  fluid  portion  of  which,  or  liquor  san- 
f/tiinis,  contains  sodium  carbonate  in  solution,  which, 
with  the  carbon  dioxide,  forms  bicai'bonate  of  sodium  : 

Na.CO.5  +      CO.      +     Hp  =2NaHC0., 

Sotlinm  Cwbou  Water.  Sodium 

cai'boiiate.  dioxide.  bicarbouate. 

This  is  conveyed  in  the  blood  to  the  lungs,  where,  cir- 
culating through  the  capillai'ies  in  the  walls  of  the 
air-cells,  the  bicarbonate  of  sodium  becomes  resolved 
into  carbonate  of  sodium,  the  carbon  dioxide  which  it 
had  absorbed  diffusing  through  the  walls  of  the  air- 
cells,  and  so  passing  away  from  the  body  in  the  ex- 
pired air.  There  is  thus  a  constant  interchange  of 
oxygen  from  the  atmosphere,  and  of  carbon  dioxide 
from  th(5  blood,  the  air  taken  into  the  lungs  losing  four 
per  cent,  of  oxygen  and  gaining  in  its  place  four  per 
cent,  of  carbon  dioxide.  This  carbon  dioxide,  which 
jjasses  in  the  exjiired  air  out  into  the  atmosphere,  does 
not  accumulate  there,  but  is  absoi'bed  by  the  leaves  of 
plants  (through  small  openings  called  stomata)  and 
brought  into  contact  with  the  chlorophyll  or  green 
colouring-matter  of  the  leaves,  which  possesses  the 
important  property  of  decomposing  the  carbon  dioxide, 
the  oxygen  of  which  is  returned  to  the  air,  and  so  the 
normal  composition  of  the  atmosphere  is  maintained 
at  the  same  tin\e  the  chlorophyll  possesses  the  power 
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forcing  the  carbon  of  the  carbon  dioxide  into  union  with 
the  elements  of  water,  to  eventually  become  converted 
into  sugar,  starch,  and  other  organic  substances. 

These  changes  may  be  represented  by  the  following 
equations.  Carbon  dioxide  and  water  under  the  in- 
fluence of  chlorophyll  reacting  thus  : 

CO.     +     HoO     =    CH.O    +  O3 

Carbon  Water.  Formic  Oxygen, 

dioxide.  aldehyde. 

producing  formic  aldehyde  and  oxygen.  Six  mole- 
cules of  formic  aldehyde,  by  becoming  fused  into  one 
molecule,  form  grape  sugar  : 

6CH2O    =  CgHjoOfi 

Formic  Grape  sugar, 

aldehyde. 

The  grape  sugar  is  conveyed  by  the  sap  of  the 
plant  to  the  seeds,  roots,  and  other  parts,  and  being 
there  deprived  of  the  elements  of  water,  starch  is 
formed  and  deposited  : 

Grape  sugar.         Water.  Starch. 

In  this  way  the  carbon  excreted  as  carbon  dioxide 
in  the  breath  becomes  again  converted  into  an  article 
of  diet. 

OZONE. 

Formida,  O.5 ;  molecular  loeight,  48. 

Ozone  (from  ci(^w,  I  smell)  is  an  allotropic  form  of 
oxygen,  three  volumes  being  condensed  into  two. 
It  occux'S  naturally  in  the  atmosphere  in  very  small 


88 


Chemistry. 


[Part  II. 


quantities,  being  produced  from  the  oxygen  of  the  air 
either  by  electrical  currents  generated  during  a  thun- 
derstorm, or  by  the  weak  currents  of  frictional  elec- 
tricity generated  by  the  friction  of  large  masses  of 
water  (such  as  the  sea)  against  the  air,  or  possibly  by 
the  evaporation  of  water  in  presence  of  sunlight. 

Modes  of  preparation. — Ozone  is  prepared  by 
effecting  the  condensation  of  three  volumes  of  oxygen 
into  two,  but  by  whatever  process  this  may  be  effected, 
it  is  impossible  to  convert  all  the  oxygen  into  ozone ; 
in  other  words,  ozone  cannot  be  obtained  in  a  pure 
state,  but  always  contains  admixed  oxygen,  a  mixture 
containing  about  20  per  cent,  of  ozone  to  80  per  cent, 
of  oxygen  being  about  the  strongest  that  has  ever  been 
made.  This  condensation  of  oxygen  into  ozone  may 
be  effected  in  tlie  following  ways. 

(i)  By  the  silent  passage  of  electricity  through 
damp  oxygen  or  air ;  the  peculiar  odour  noticed  when 
a  frictional  electrical  machine  is  being  worked  is  due 
to  tlie  production  of  ozone  by  this  process.  The 
current  of  electricity  no  doubt  possesses  the  property 
of  splitting  some  of  the  oxygen  molecules  into  their 
con.stituent  atoms,  which,  being  incapable  of  existing 
in  the  free  state,  immediately  link  themselves  to 
adjacent  oxygen  molecules  to  produce  ozone  molecules. 
This  may  be  represented  as  follows,  where  the  pro- 
duction of  two  ozone  molecules  from  three  oxygen 
molecules  is  depicted  : — 


or 


Oxygen.  Ozone. 


(ii)  Ozone  may  be  prepared  by  exposing  a  stick 
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of  phosplioras  to  moist  and  warm  oxygen  or  air.  This 
is  best  effected  by  placing  a  stick  of  phosphorus  at  the 
bottom  of  a  bottle  containing  sufficient  water  to 
cover  partially  the  phosphorus,  loosely  plugging  the 
mouth  of  the  bottle,  and  jjlacing  it  for  half  an  hour 
near  a  fire.  At  the  end  of  that  time  ozone  will  be 
found  in  the  air  of  the  bottle,  if  the  proper  tests  are 
applied. 

Properties. — The  specific  gravity  of  ozone  is  24, 
and  it  is  heavier  than  air ;  it  is  colourless,  but  pos- 
sesses a  peculiar  odour  which  has  been  compared  to 
that  of  diluted  chlorine,  or  to  phosphorus  slowly 
oxidising.  It  is  non-combustible,  but  is  a  sujDporter  of 
combustion,  and  is  slightly  soluble  in  water.  It  is  a 
powerful  bleaching  and  oxidising  agent,  being  capable 
of  oxidising  such  metals  as  mercury  and  silver  in  the 
cold.  It  is  an  irritant  to  the  eyes,  nose,  and  bronchial 
ti'act,  when  present  in  the  air  in  moderate  quantities ; 
and  it  is  probable  that  the  attacks  of  asthma  to  which 
some  people  are  subject  when  at  sea  may  be  due  to 
the  amount  of  ozone  in  the  sea  air.  In  large  quan- 
tities, ozone  proves  fatal  to  animals. 

Tests. — The  ordinary  method  for  detecting  ozone 
in  the  air  depends  upon  the  power  that  ozone  possesses 
of  liberating  iodine  from  iodide  of  potassium,  the  free 
iodine  being  delicately  detected  by  the  blue  colour 
that  it  gives  with  a  solution  of  starch.  A  piece  of 
filter  paper  is  moistened  with  a  mixed  solution  of 
iodide  of  potassium  and  starch,  and  is  then  suspended 
for  some  time  in  a  current  of  the  air  to  be  tested, 
when,  if  ozone  be  present,  it  will  assume  a  blue 
colour.  The  objections  to  the  validity  of  this  test  are 
that  other  bodies  besides  ozone  may  be  present  in  the 
air,  which  also  possess  the  property  of  liberating 
iodine  from  iodide  of  potassium,  and  so  giving  a  blue 
colour  to  the  starch  ;  these  bodies  are  chlorine  and 
nitrogen  tetroxide.  It  will  be  seen  from  the  following 
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equations  that  when  ozone  liberates  the  iodine  from 
iodide  of  potassium  it  first  forms  potassium  oxide, 
which,  with  water,  forms  caustic  potash,  a  body  that 
is  alkaline  to  test-paper ;  whereas  chlorine  and  nitro- 
gen tetroxide  iii  liberating  iodine  from  iodide  of 
potassium  form  respectively  chloride  of  potassium 
and  nitrite  of  potassium,  both  of  which  are  neutral  to 
test-paper. 


6KI 

Potassium 
iodide. 

then 

3K20 

Potassium 
oxide. 


2KI 

Potassium 
iodide. 


2KI 

Potassium 
iodide. 


+  o, 

Ozone. 


+  3HoO 

Wat"er. 

+  CI.3 
Chlorine. 


Nitrogen 
tetroxide. 


=    3KoO  + 

Potassium 
oxide. 


=    2KC1  -f 

Potassium 
chloride. 

=    2KNO0  + 
Potassium 
nitrite. 


8I0 
Iodine. 


I2 
Iodine. 


Iodine. 


=  GKHO 

Caustic  potash 
(Potassium  hj-drate). 


So  that  the  best  test  for  ozone  in  the  air  will  evi- 
dently depend,  not  on  the  liberation  of  iodine  from 
iodide  of  potassium,  since  both  chlorine  and  nitrogen 
tetroxide  can  effect  this,  but  on  ascertaining  whether, 
with  the  liberation  of  the  iodine,  the  solution  of  iodide 
of  potassium  becomes  alkaline,  since  both  chlorine 
and  nitrogen  tetroxide  in  liberating  the  iodine  from 
iodide  of  potassium  leave  the  solution  neutral.  The 
method  of  applying  this  modified  and  improved  test 
for  ozone  in  the  air  consists  in  exposing  to  the  air  in 
a  shallow  vessel  for  some  hours,  a  solution  of  iodide  of 
potassium  coloured  with  red  litmus,  when,  if  ozone  is 
present,  the  red  colour  changes  to  blue ;  whereas  if 
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chlorine  or  nitrogen  tetroxicle  are  pi'esent  in  tlie  air, 
although  they  liberate  the  iodine  from  the  iodide  of 
potassium,  yet  the  chloride  of  potassium  and  nitrite 
of  potassium  respectively  formed,  being  neutral,  are 
incapable  of  changing  the  colour  of  the  red  litmus. 


92 


CHAPTER  III. 

AYATER  HYDROGEN  DIOXIDE. 

Water  —  Composition  —  Properties  —  Water  of  Crystallisation — 
Efflorescence — Deliquescence — Sources  of  Drinking  Waters — 
(Soft  and  Hard  Waters — Temporary  and  Permanent  Hardness — 
]\Iineral  "Waters — Hydrogen  Dioxide — Modes  of  Preparation — 
Test  for  Hydrogen  Dioxide. 

WATER. 

Formula,  H^O ;  molecular  weight,  18. 

Coiiipositioii.— Watei'  is  composed  of  hydrogen 
and  oxygen  united  in  the  proportion  of  two  parts  of 
li3'drogen  by  weight  to  sixteen  of  oxygen,  or,  by 
volume,  it  is  formed  by  the  union  of  two  volumes  of 
hydrogen  with  one  volume  of  oxygen.  The  compo- 
sition of  water  may  be  proved  in  the  following  ways : 

(i)  The  analytical  method. — By  electrolysis  or 
the  decomposition  of  water  into  its  elements  by  means 
of  a  current  of  electricity  (see  page  82). 

(ii)  27ie  synthetical  method. — (a)  By  introducing 
a  mixture  of  two  parts  by  volume  of  hydrogen  to  one 
of  oxygen  into  a  eudiometer,  and  then  exploding  the 
mixture  by  means  of  an  electric  spark,  when  water 
will  be  formed.  This  may  be  effected  in  the  Cavendish 
eudiometer  (Fig.  8,  a),  which  consists  of  a  stout  glass 
vessel,  provided  with  a  stop-cock  at  the  lower  part, 
and  with  two  platinum  wires  fused  through  the  glass 
at  the  upper  part.  The  eudiometer  is  first  exhausted 
of  air  by  means  of  an  air-pump,  and  is  then  tilled 
with  a  mixture  of  two  volumes  of  hydrogen  to  one 
volume  of  oxygen  by  connecting  it  with  a  bottle  (b) 
containing  the  two  gases  in  those  proportions ;  the 
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stop-cock  is  tlien  closed  and  the  eudiometer  detached 
from  B  ;  the  gases  may  then  be  exploded  by  means  of 
an  electric  spark  between  the  two  platinum  wires,  the 
electricity  being  furnished  by  a  charged  Leyden  jar 
(c).    By  the  explosion  of  the  hydrogen  and  oxygen 


Fig.  8. — Formation  of  Water  by  the  Explosion  of  Hydrogen  and 
Oxygen  in  the  Cavendish  Eudiometer. 

water  will  be  formed,  and  will  be  deposited  as  a  film 
upon  the  inner  surface  of  the  eudiometer,  and  the 
complete  conversion  of  these  two  gases  into  water 
Avill  be  demonstrated  by  the  fact  that,  on  opening  the 
stop-cock  of  the  eudiometer  under  water,  the  interior 
of  it  will  be  immediately  and  completely  filled  by  the 
water,  on  account  of  the  vacuum  left  within  the 
eudiometer  by  the  union  of  the  hydrogen  and  oxygen. 
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and  the  condensation  of  the  resulting  water  as  a  fihn 
on  the  inner  surface  of  the  vessel. 

(6)  The  composition  of  water  may  also  be  proved 
by  passing  a  known  weight  of  hydrogen  over  a  known 
weight  of  oxide  of  copper  contained  in  a  tube,  and 
heated  to  redness.  The  hydrogen  unites  with  tlie 
oxygen  of  the  oxide  of  copper  to  form  water,  and  so 
reduces  the  oxide  to  the  condition  of  metallic  copper. 


The  water,  which  passes  away  from  the  tube  in 
the  form  of  steam,  may  be  collected  in  a  previously- 
weighed  chloride  of  calcium  tube,  the  increase  in 
weight  of  which  at  the  end  of  the  experiment  will 
give  the  amount  of  water  produced,  which  will  be 
found  to  be  exactly  equal  to  the  Aveight  of  the 
hydrogen  used,  plus  the  loss  in  weight  of  the  oxide  of 
copper  (i.e.  plus  the  weight  of  the  oxygen  used). 

Pi'Qpei'ties. — Pure  water  in  thin  layers  is  a 
colourless  liquid,  but  if  viewed  through  a  tube  six 
feet  in  length  which  is  filled  with  it,  and  which  is 
blackened  at  the  sides  and  provided  with  glass  ends, 
it  is  then  seen  to  possess  a  faint  blue  colour — a  colour 
that  is  also  well  seen  in  glacier  ice,  and  in  deep  sea- 
wator.  This  faint  blue  colour  of  pure  Avater,  as  seen 
through  a  six-foot  tube,  is  of  some  A'alue  in  forming 
an  opinion  as  to  the  purity  of  a  drinking-Avatei-,  since 
the  presence  of  a  very  small  amount  of  animal  organic 
matter  (seAvage),  or  of  vegetable  organic  matter  (peat), 
will  cause  the  blue  colour  of  the  Avater  to  be  replaced 
by  a  yelloAv  or  broAvnish  tint.  Pure  Avater  is  tasteless 
and  odourless ;  its  specific  graA'ity  is  1,  that  is,  it  is 
chosen  as  the  standard  with  which  the  weights  of  equal 
volumes  of  all  other  liquids  and  solids  are  compared;  it 
freezes  at  0°  C,  and  boils  at  100°  C,  under  the  normal 


2CuO     +     2H.     =  Cu2 


+  2H.,0 


Copper  Hydrogen.  Copper, 

oxide. 


Water. 


ci.ap.  III.]     Water  op  Crystallisation. 
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atmospheric  pressure.  A  large  number  of  solids  and 
gases  are  capable  of  passing  into  the  liquid  state  when 
placed  in  water,  i.e.  they  are  soluble  in  the  water. 
Some  liquids,  such  as  alcohol  and  glycerine,  are 
luiscible  with  water  in  all  proportions ;  others,  such 
as  chloroform  and  ether,  only  in  small  proportions ; 
and  others,  such  as  olive  oil  and  castor  oil,  not  at  all. 
Many  solid  chemical  substances  are  capable  of  form- 
ing  a  loose  chemical  union  with  water,  which  in  this 
form  is  then  known  as  water  of  crystallisation. 
Examines.  —  Sodium  carbonate  (NaoCOg,  lOHoO), 
zinc  sulphate  (ZnSO^,  7HnO),  copper  sulphate  (OuSOj^, 
5H.0). 

Water  of  crystallisation  is  capable  of  being  ex- 
pelled or  driven  off  by  heat,  but  there  are  some 
crystalline  bodies  that  slowly  part  with  their  water 
of  crystallisation  merely  on  exposure  to  the  air.  This 
phenomenon  of  the  spontaneous  loss  of  water  of 
crystallisation  on  exposure  to  the  air  is  known  as 
efflorescence,  and  such  bodies  are  called  efflor- 
escent (from  efflorescens,  blossoming  forth),  on 
account  of  their  assuming  a  powdery  condition ;  for 
instance,  sodium  carbonate  or  ordinary  washing  soda 
(NaoGOg,  lOHoO)  is  a  good  example  of  an  efflorescent 
body,  crystals  of  it,  on  exposure  to  the  air,  losing  their 
water  of  crystallisation,  and  becoming  opaque  and 
powdery.  On  the  other  hand,  deliquescence  is 
the  power  possessed  by  certain  solid  substances  of 
absorbing  moisture  from  the  air  to  such  an  extent  as 
to  become  moist  and  finally  liquid,  from  the  solid 
dissolving  in  the  absorbed  water ;  such  bodies  are 
called  deliquescent  (from  deliquescens,  melting 
away),  on  account  of  the  liquefaction  that  they 
imdergo  on  exposure  to  the  air  ;  calcium  chloride  and 
potassium  carbonate  are  two  good  examples  of  de- 
liquescent substances,  as  they  soon  become  liquid  on 
exposure  to  the  air. 


96 


Chemistry. 


[Part  II. 


Sources  and  varieties  of  water  as  used 
for  drinkin;^  purposes. — Rain  and  snow  are  the 
natural  sources  from  which  drinking  -  waters  are 
derived.  Rain  when  it  falls  upon  the  surface  of  the 
earth  is  disj^osed  of  in  three  ways :  (1)  part  of  it  is 
returned  to  the  atmosphere  by  evaporation  ;  (2)  part 
of  it  flows  according  to  the  inclination  of  the  surfaces^ 
and  so  contributes  to  the  formation  of  brooks,  streams, 
and  rivers ;  (3)  part  of  it  sinks  or  percolates  into  the 
soil  until  it  reaches  an  impermeable  stratum  of  hard 
rock  or  clay,  and  so  forms  the  underground  sources  of 
water  that  are  made  available  for  the  use  of  man 
either  by  coming  to  the  surface  as  springs,  or  by  being 
tapped  Ijy  the  sinking  of  wells  or  pumps. 

Rain-water  as  it  leaves  the  clouds  is  pure,  but  in 
its  passage  through  the  air  it  may  absorb  and  collect 
many  substances,  such  as  oxygen,  cai-bou  dioxide, 
traces  of  ammonia,  sulphur  dioxide,  nitrogen,  tetroxide, 
chlorine,  sodium  chloride  (if  in  the  vicinity  of  the  sea), 
particles  of  soot,  and  various  fungoid  and  bacterial 
organisms.  The  rain-water  percolating  through,  or 
flowing  over,  tlie  soil  may  dissolve  from  it  various 
substances,  such  as  lime  salts,  magnesia  salts,  etc. 
Rain-water  is  a  very  soft  water,  and  is  therefore  use- 
ful for  washing  pui-poses.  A  soft  water  is  one  in 
which  soap  can  dissolve,  and  therefore  readily  form 
a  lather  without  being  precipitated  ;  a  hard  water, 
on  the  other  hand,  is  one  in  which  soap,  as  fast  as 
it  dissolves,  is  precipitated  by  some  substance  or  sub- 
stances present  in  the  water,  and  so  the  formation  of 
a  lather  is  rendered  diSicult.  The  hardness  of  a 
water  may  be  temporaiy  or  permanent,  or  a  com- 
bination of  the  two ;  teiuporai-y  hardness  is  that 
which  can  be  removed  by  boiling  the  water,  and  is 
due  to  the  presence  of  the  soluble  bicarbonates  of 
calcium  and  magnesium,  which  on  boiling  are  con- 
verted into  the  insoluble  carbonates  of  those  metals, 


Chap.  HI.]        Hardness  of  Water. 


97 


and  these  being  deposited  constitute  the  fur  that 
accumulates  in  kettles  and  boilers.  Temporary  hard- 
ness is  acquired  by  rain  or  sti'eam  water,  containing 
carbon  dioxide  in  solution,  flowing  over  some  form-  of 
calcium  carbonate  (chalk  or  limestone)  or  magnesium 
carbonate  in  the  soil ;  such  water  containing  carbon 
dioxide  in  solution  is  capable  of  forming  a  soluble 
bicarbonate  with  either  of  these  carbonates,  thus  : 

CaCOg    +    CO3    +    H2O    =  Ca(HC03)2 

Calcium  Carbon  Water.  Calcium 

carbonate.  dioxide.  bicarbonate. 

This  soluble  bicarbonate  loses  part  of  its  carbon 
dioxide  on  boiling,  and  the  insoluble  calcium  carbonate 
is  once  more  formed  and  deposited,  thus  : 

Ca(HC03)3    =    CaCOg    +    COg    +  H3O 

Calcium  Calcium  Carbon  Water, 

bicarbonate.  carbonate.  dioxide. 

Permanent  hardness  is  that  which  cannot  be 
removed  by  boiling,  and  is  generally  due  to  the  presence 
of  calcium  or  magnesium  sulphate,  or,  in  the  case  of  sea- 
water,  to  sodium  chloride.  The  difficulty  experienced 
with  a  hard  water  of  obtaining  a  lather  with  ordinary 
soap  (sodium  oleate)  is  because  that,  as  soon  as  some 
of  the  soap  dissolves,  it  is  converted  into  the  insoluble 
calcium  or  magnesium  oleate,  whereas  for  obtaining  a 
lather  it  is  necessary  that  the  soap  should  be  in  solu- 
tion. The  great  waste  of  soap,  conseq\ient  upon  the 
use  of  hard  waters,  may  be  judged  of  by  the  fact  that 
every  grain  of  calcium  carbonate  or  chalk  held  in  solu- 
tion in  a  water  as  the  bicarbonate,  is  capable  of  wasting 
about  eight  grains  of  soap.  In  the  case  of  sea-water, 
the  hardness  is  due  to  the  fact  that  ordinary  soap 
(sodium  oleate)  is  insoluble  in  a  moderately  strong 
solution  of  common  salt  (sodium  chloride). 
H— 32 
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mineral  waters. — These  are  spring  watei-s  con- 
taining in  solution  some  medicinal  ingredient.  In  the 
following  table  the  more  important  mineral  waters 
are  enumerated,  with  their  sources  and  composition. 


SOURCE. 


COMPOSITION. 


Vichy- 
Carlsbad 
Ems 
Seltzei- 
Malvern 
ApoUinaris 


Alkaline  waters,  containing  so- 
dium carbonate  and  bicarbon- 
ate; effervescence  due  to  carbon 
dioxide. 


Spa 

Tunbridge 
Some  Cheltenham 
Waters 


Chalybeate  waters,  containing  fer- 
rous carbonate  held  in  solution 
by  excess  of  carbon  dioxide. 


Harrogate 
Aix-la-ChapeUe 

Leamington 
Epsom 


Cheltenham 
Scarborough 


)  Sulphuretted  waters,  containing 
\     free  sulphuretted  hydrogen. 

\  Aperient  saline  waters,  contarn- 
)     ing  magnesium  sulphate. 

{Aperient  saline  waters,  contain- 
ing sodium  sulphate  and  sodium 
chloride. 


Bath 

Bristol 

Matlock 


) Calcareous  waters,  containing  cal- 
cium bicarbonate  and  calcium 
sulphate. 


HYDROGEN  DIOXIDE. 

Formula,  HoOo ;  molecular  weight,  34. 

Water  and  hydrogen  dioxide  constitute  the  two 
oxides  o£  hydrogen.  Hydi'ogen  dioxide  is  also  known 
as  peroxide  of  hydrogen,  and  as  oxygenated  water,  the 
latter  name  being  given  to  it  on  account  of  the  facility 
with  which  it  decomposes  .in  to  water  and  oxygen. 
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Modes  of  preparation. —  (i)  Hydrogen  di- 
oxide may  be  obtained  by  the  action  of  any  acid  on 
barium  dioxide.  Thus,  if  diluted  hydrochloric  acid  be 
added  to  barium  dioxide,  double  decomposition  takes 
place,  barium  chloride  and  hydrogen  dioxide  being 
formed  : 

BaOj    +    2HC1    =    BaClg    +  HgO, 

Barium         Hydrociloiic  Barium  Hydrogen 

dioxide  acid.  chloride.  dioxide. 

Hydrochloric  acid,  however,  is  not  a  convenient 
acid  to  use  in  the  preparation  of  hydrogen  dioxide, 
since  this  latter  body  is  contaminated  by  the  presence 
of  the  soluble  barium  chloride.  It  is  therefore  pi^efer- 
able  to  select  an  acid  which  will  yield  an  insoluble 
barium  salt,  and  so  leave  only  the  hydrogen  dioxide  in 
solution;  cai-bonic  acid  answers  these  requirements 
admirably.  If  carbon  dioxide  be  passed  through  water 
containing  barium  dioxide  suspended  in  it,  carbonate 
of  barium  is  precipitated  and  a  pure  solution  of 
hydrogen  dioxide  obtained  : 

BaOg  +    HoO    +    CO2    =  BaCOg  +  HoOg 

Barium         "Water.  Carbon         Barium  Hydrogen 

dioxide.  dioxide.      carbonate.  dioxide. 

(ii)  Hydrogen  dioxide  is  also  obtained  as  one  of  the 
products  of  the  atmospheric  oxidation  of  several  of  the 
natural  volatile  oils  in  presence  of  moisture,  such  as  the 
oils  of  turpentine,  pine,  eucalyptus,  etc.  The  presence 
of  this  hydrogen  dioxide  in  the  atmosphere  probably 
to  some  extent  accounts  for  the  hygienic  and  antiseptic 
properties  that  have  for  some  time  been  attributed 
to  the  air  of  pine  and  eucalyptus  forests. 

Properties. — Hydrogen  dioxide  is  a  liquid,  but 
is  always  obtained  mixed  with  water,  a  10  per  cent. 
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solution  being  the  usual  strength  of  the  commercial 
article.  It  is  colourless  and  odourless,  but  possesses 
an  astringent  taste,  and  is  miscible  with  water  in  all 
I^roportions.  Its  special  property  consists  in  the  readi- 
ness with  which  it  splits  up  into  water  and  oxygen  : 

2H2O3   =   2H2O   +  O2 

Hydrogen  Water.  Oxygen, 

cfioxide. 

This  decomposition  may  be  brought  about  by  boil- 
ing, or  by  bringing  it  in  contact  with  bodies  in  want 
of  oxygen,  when  the  hydi-ogen  dioxide  readily  parts 
■with  one-half  of  its  oxygen  ;  it  is  in  this  way  that  it 
acts  as  a  disinfectant  and  deodoriser.  Hydrogen  di- 
oxide is  also  a  powerful  bleaching  agent  by  virtue  of 
its  power  of  rapidly  oxidising  coloui'ing  matters,  and 
so  bleaching  them  ;  its  effect  as  a  so-called  hair-dye,  in 
turning  the  hair  yellow  or  white,  is  simply  that  of  a 
bleaching  agent. 

Test. — Hydrogen  dioxide  possesses  the  property 
of  liberating  iodine  from  iodide  of  potassium,  the  liber- 
ated iodine  turning  starch  solution  blue  ;  this  is  a 
property,  however,  possessed  by  other  substances,  but 
unlike  all  these  other  oxidising  agents,  hydrogen  di- 
oxide will  liberate  the  iodine  from  iodide  of  potassium 
in  presence  of  ferrous  sulphate. 

Another  test  for  hydrogen  dioxide  is  that  when 
mixed  with  tincture  of  guaiacum  and  blood,  a  bluish- 
green  colour  is  produced ;  advantage  is  taken  of  this 
reaction  to  detect  the  presence  of  blood  in  urine,  a  few 
drops  of  tincture  of  guaiacum  being  added  to  a  small 
quantity  of  the  ui^ine  in  a  test-tube,  and  then  an  ethe- 
real solution  of  hydi-ogen  dioxide  (commonly  known 
and  sold  as  ozonic  ether),  when  on  shaking  together 
the  contents  of  the  tube,  a  bluish-green  colour  will  be 
developed  if  blood  is  present  in  the  urine. 
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CHAPTER  IV. 

NITROGEN — THE  ATMOSPHERE. 

Nitrogen— Preparation  and  Properties  of  Nitrogen— Test  for 
Nitrogen — Composition  of  the  Atmosphere — Methods  of  de- 
termining the  Composition  of  the  Atmosphere — Proofs  that 
the  Atmosphere  is  a  Mixture,  and  not  a  Compound,  of  Oxygen 
and  Nitrogen — Aqueoiis  Vapour  in  the  Air— Carbon  Dioxide 
in  the  Air — Ozone  in  the  Air — Impurities  in  Air. 

NITROGEN. 

Symbol,  N ;  formula,  No  ;  pentad  (also  capable  of  act- 
ing as  a  triad  and  monad,  see  page  28) ;  atomic 
tveiffhf,  14;  molecular  loeight,  28. 

Nitrogen  (meaning  generator  of  nitre))  owes  its 
name  to  the  fact  that  it  is  an  essential  constituent  of 
nitre  (nitrate  of  potash).  Nitrogen  is  widely  and  ex- 
tensively distributed  in  nature  ;  it  constitutes  four- 
fifths  of  the  bulk  of  the  atmosphere,  it  is  present  in 
all  natural  nitrates,  and  forms  an  important  constit- 
uent of  the  tissues  and  organs  of  all  animals  and  plants  ; 
in  animals  it  is  present  in  albumin,  fibrine,  cartilage, 
casein,  urea,  etc.  ;  in  plants  it  is  present  in  vegetable 
albumin  and  in  all  alkaloids. 

modes  of  preparation. — (i)  Nitrogen  may 
be  obtained  by  removing  the  oxygen  from  a  limited 
volume  of  air  by  any  of  the  following  processes  : 

{a)  By  burning  phosphorus  under  a  bell-jar  stand- 
ing over  water ;  the  phosphorus  consumes  all  the 
oxygen  of  the  air  contained  in  the  bell-jar,  forming  a 
white  powder — phosphorus  ])entoxide  (PgOg) — which 
dissolves  in  the  watei',  forming  phosphoric  acid 
(HgPO^),  and  the  space  formerly  occupied  by  the 
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oxygen  is  filled  by  the  water  taking  its  place.  The 
gas  within  the  bell-jar  now  occupies  four-fifths  of  the 
original  volume  of  the  air  taken,  and  consists  of  pure 
niti'ogen. 

(6)  By  absorbing  oxygen  from  a  confined  volume 
of  air  by  means  of  a  solution  of  pyrogallate  of 
potassium. 

(c)  By  passing  air  over  red-hot  copper  turnings 
contained  in  a  long  porcelain  tube,  when  the  copper 
unites  with  the  oxygen  of  the  air  to  fonn  copper  oxide 
(CuO),  and  pure  nitrogen  passes  on. 

{d)  By  exploding  in  a  eudiometer  42  volumes  of 
hydrogen  with  100  volumes  of  air-  (the  latter  con- 
taining just  21  volumes  of  oxygen),  when  the  hydrogen 
and  oxygen  will  unite  to  form  water,  which  will 
condense  on  the  sides  of  the  eudiometer,  and  pure 
iiitrogen  will  remain. 

(ii)  Nitrogen  may  be  veiy  readily  obtained  by 
boiling  together  solutions  of  potassium  nitrite  and 
ammonium  chloride,  when  double  decomposition  be- 
tween the  two  .salts  first  takes  place,  resulting  in  the 
formation  of  ammonium  nitrite  and  potassium  chloride. 


KNOo    -f    NH.Cl  = 

Potassium  Ammonium 
nitrite.  chloride. 


NH  iNO.    +    KCl . 

Ammonium  Potassium 
nitrite.  chloride. 


The  ammonium  nitrite  is  then  split  up,  by  the 
heat  of  the  boiling  liquid,  into  nitrogen  and  water. 

NHiNO.     =  +  2H2O 

Ammonium  Nitrogen.  Water, 

nitrite. 

(iii)  Nitrogen  may  also  be  prepared  by  passing 
chlorine  into  solution  of  ammonia,  when  ammonium 
chloride  is  formed  and  nitrogen  evolved. 
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Properties  of  Nitrogen. 


8NH3      +     3Clo    =    6NH^C1  + 

Amuouia.  Chlorine.         Ammouium  Nitrogen. 

chloride. 

This  process  for  obtaining  nitrogen  is  not  a  de- 
sirable one  to  employ,  since,  if  the  ammonia  is  not 
kept  in  excess,  the  chlorine  would  act  npon  the  am- 
monium chloride,  forming  the  terribly  explosive 
chloride  of  nitrogen. 

Properties.— The  specific  gravity  of  nitrogen  is 
14,  and  it  is  a  little  lighter  than  air.  The  properties 
of  nitrogen  are  mainly  negative ;  it  is  odourless, 
tasteless,  colourless,  not  combustible,  a  non-supporter 
of  combustion,  and  but  slightly  soluble  in  water ;  it  is 
not  poisonous,  since  the  air  contains  about  four-fifths 
of  it  by  volume,  but  it  is  incapable  of  supporting  life 
by  itself.  The  main  function  of  the  nitrogen  of  the 
atmosphere  is  to  dilute  down  the  oxygen  which  would 
otherwise  be  too  energetic  in  its  action. 

Test.— A  lighted  taper,  if  plunged  into  a  jar  of 
nitrogen,  is  immediately  extinguished,  and  the  gas 
itself  does  not  ignite.  The  only  other  odourless,  or 
comparatively  odourless,  gas  that  behaves  in  this  way 
is  carbon  dioxide,  and  the  two  may  be  readily  dis- 
tinguished by  carbon  dioxide  turning  lime-water 
mUky,  whereas  nitrogen  has  no  effect  upon  lime- 
water.  So  that  tlie  combined  facts  of  an  odourless 
gas  extinguishing  a  lighted  taper,  being  non-coni- 
bustible,  and  not  turning  lime-water  turbid,  will 
indicate  that  the  gas  is  nitrogen. 

THE  ATMOSPHERE. 

The  atmospliere  mainly  consists  of  a  mixture  of 
oxygen  and  nitrogen  in  the  following  proportions  : 


By  volume.       By  weighh 

Oxygen    21  23 

Nitrogen    79  77 
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Other  bodies,  however,  are,  or  may  be,  present  in 
the  air  in  small  quantities.  In  the  following  list  are 
enumerated  all  the  possible  constituents  of  the  atmo- 
sphere divided  into  three  groups :  1,  the  principal 
constituents ;  2,  other  useful  constituents ;  and 
3,  impurities  of  the  atmosphere. 

N^ti-ogen  }  •P^^'^^'P^^  constituents  of  the  atmosphere. 


Water  (in  the  form  of  aqueous  vapour, " 

clouds  or  mists) 
Carhon  dioxide 
Ozone 


Other  useful 
constituents  of 
the 
atmosphere. 


Nitrogen  tetro.vide  and  nitric  acid  ^ 
Sulphur  dioxide  and  sulphurous 

and  sulphuric  acids 
Chlorine 

Sulphuretted  hydi'Ogen 
Carbon  dioxide  (in  excess) 
Cai-honic  oxide 
Particles  of  soot 

Fungoid  and  bacterial  organisms 


Impurities  that 
may  be  present  in 
\    the  atmosphere 
in  small 
quantities. 


In  describing  the  chemistry  of  the  atmosphere,  it 
will  be  convenient  to  discuss  separately  the  con- 
stituents of  the  air,  in  the  order  above  given  in  the 
three  divisions. 

1.  The  principal  coiislitiients  of  tlic  at- 
mosphere—oxyjfoii  an«l  iiitr4»g:en. — As  previ- 
ously stated,  oxygen  and  nitrogen  so  nearly  make  up 
the  entii-e  bulk  of  the  atmosphere  that,  in  indicating 
the  percentage  composition  of  the  air,  it  is  customary 
to  make  the  percentages  of  these  two  gases  add  up  to 
100,  although  actually  a  small  fraction  of  the  per- 
centage composition  should  be  reserved  for  the  other 
constituents  of  the  air. 

IVIethods  of  deteriiiiniiig^  tiie  coiiiposifioii 
of  the  atuiosphere.   (a)  The  eudiomelric  method. 
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— By  this  method  the  amount  of  oxygen  in  the  air  is 
determined  by  observing  the  contraction  that  takes 
place  after  exploding  a  known  volume  of  air  in  a 
eudiometer  with  excess  of  hydrogen ;  since  two 
volumes  of  hydrogen  unite  with  one  volume  of  oxygen 
to  form  water,  one-third  of  the  contraction  will  be 
due  to  oxygen,  and  so  the  proportion  of  oxygen 
present  in  the  known  volume  of  air  will  be  ascer- 
tained. 

{b)  Pyrogallate  of  fotassium  method. — This  consists 
in  exposing  a  measured  volume  of  air,  contained  in  a 
graduated  tube  standing  over  mercury,  to  the  action 
of  a  strong  solution  of  pyrogallate  of  potassium,  which 
possesses  the  property  of  absoi'bing  oxygen  from  the 
air  ;  at  the  end  of  an  hour  the  diminution  in  volume 
of  the  air  is  noted,  and  this  represents  the  amount  of 
oxygen  contained  in  the  measured  volume  of  air 
originally  taken. 

(c)  The  copper  method. — In  this  process  a  pre- 
viously-weighed tube  containing  copper  turnings  is 
raised  to  a  red-heat,  and  a  known  weight  of  air  is 
then  passed  through  it ;  the  copper  unites  with  the 
oxygen  of  the  air,  forming  oxide  of  copper,  and  the 
nitrogen  may  be  allowed  to  pass  on  into  a  glass  globe 
provided  with  a  stop-cock,  which  has  been  previously 
exhausted  of  air  at  the  air-pump  and  then  weighed; 
at  the  end  of  the  experiment  the  increase  in  weight 
of  the  tube  containing  the  copper  turnings  will  give 
the  amount  of  oxygen  contained  in  the  weighed  quan- 
tity of  air  experimented  with,  while  the  increase  in 
weight  of  the  previously  exhausted  globe  will  give  the 
amount  of  nitrogen. 

{d)  The  synthetical  method. — This  consists  in  mix- 
ing together  oxygen  and  nitrogen  in  the  proportion  of 
21  volumes  of  oxygen  to  79  volumes  of  nitrogen, 
when  a  mixture  possessing  all  the  properties  of  air 
will  be  obtained. 
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Tlic  atiiiosplicrc  a  iiiixtiir<>  of  oxyg:cii 
and  iiitrog^eii,  not  :i    compound   of  those 

g^ases. — That  the  atmosphere  is  simply  a  mechanical 
mixture  of  oxygen  and  nitrogen,  and  not  a  chemical 
compound  of  those  two  gases,  may  be  proved  in 
various  ways. 

(a)  By  the  method  of  mixture. — This  consists,  as 
just  described,  in  mixing  together  21  volumes  of 
oxygen  with  79  volumes  of  nitrogen,  when  no  heat  is 
evolved,  as  would  occur  if  chemical  union  took  place 
between  the  two  gases,  and  yet  the  resulting  mixture 
possesses  all  the  physical  and  chemical  properties  of 
air. 

(b)  By  solution  in  water. — Dissolved  air  is  dif- 
ferent in  composition  to  ordinary  air  ;  if  the  air  were 
a  chemical  compound  of  oxygen  and  nitrogen,  then 
mere  solution  in  water  would  be  unable  to  alter  its 
composition,  whereas  if  it  be  a  mixture  of  the  two 
gases,  then,  on  account  of  the  greater  solubility  of 
oxygen  in  water  as  compared  with  nitrogen,  the 
dissolved  air  should  be  richer  in  oxygen  than  ordinary 
air  •  this  is  actually  the  case. 

If  air  be  well  agitated  with  water,  and  then  the 
dissolved  air  expelled  by  boiling  the  water  and 
collected  in  a  tube,  it  will  be  found  on  making  an 
analysis  of  this  dissolved  air  that  it  contains  more 
oxygen  than  ordinary  air,  as  shown  in  the  following 
table : — 

Composition  by  voluine  of 

Ordinary  air.  Dissolved  air. 

Oxygen    21  35 

Nitrogen   79  65 

(c)  By  the  diffusion  exjyeriment. — If  the  air  were 
a  chemical  compound  of  oxygen  and  nitrogen,  then  on 
submitting  it  to  the  process  of  diflfusion  it  woidd 
diflFuse  unchanged  in  composition,  since  by  diffusion 
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alone  it  is  impossible  to  separate  the  constituents  of 
gaseous  chemical  compounds  ;  but  if  it  be  a  mechanical 
mixture  of  oxygen  and  nitrogen,  then  on  submitting 
it  to  diffusion  the  relatively  lighter  gas  nitrogen 
should  diffuse  at  a  greater  rate  than  the  heavier 
oxygen  (see  Graham's  Law  of  Diffusion,  page  77), 
and  this  is  actually  what  does  take  place. 

Fig.  9  represents  the  diffusion  apparatus  for 
proving  that  the  atmosphere  is  a  mechanical  mixture 
of  oxygen  and  nitrogen. 

A  is  a  porous  tube,  consisting  of  unglazed  porcelain, 
passing  through  two  perforated  india-rubber  corks,  D 

B  U  C 


D 


Fig.  9. — Diffusion  Apparatus  for  proving  Air  to  be  a  Mixture 
of  Oxygen  and  Nitrogen. 

and  E ;  b  is  a  stout  glass  tube  fitting  tightly  over  the 
corks  D  and  e,  and  provided  with  an  arm  or  outlet,  c, 
by  which  it  can  be  connected  with  an  air-pump.  By 
this  means  it  is  possible  to  produce  a  vacuum  in  b, 
and  around  that  portion  of  the  porous  tube.  A,  lying 
between  the  corks  d  and  e  ;  if,  now,  air  be  passed 
through  A  it  will  tend  to  diffuse  through  the  porous 
tube  into  the  vacuum  in  b,  and  on  examining  this  air 
which  has  diffused  through  into  a  it  will  be  found  to 
be  much  richer  in  nitrogen  than  ordinary  air,  owing 
to  the  lighter  nitrogen  having  diffused  through  the 
pores  of  the  tube  A  at  a  greater  rate  than  the  heavier 
oxygen ;  this  separation  by  diffusion  could  only 
take  place  from  a  mechanical  mixture  of  the  tw^o 
gases,  and  not  from  a  chemical  compound. 

2.  Useftil  constituents  of  the  atmo- 
sphere other  than  oxygen  and  nitrog:en. 
(a)  Aqueotis  vapour. — Tliis  is  derived  by  evapora- 
tion from  large  masses  of  water,  such  as  the  sea. 
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lakes,  rivers,  etc.  ;  from  the  lungs  of  liuman  beings 
and  animals  in  exhaled  air ;  by  evaporation  from  the 
skin  ;  and  by  evaporation  from  plants.  This  aqueous 
vapour  of  the  air,  by  condensing  to  small  particles  of 
water,  forms  clouds  and  mists,  and  by  further  con- 
densation to  actual  drops  of  water  produces  rain  ;  if 
when  in  the  fine  state  of  condensation  it  be  frozen, 
snow  is  produced ;  whereas  if  rain  be  frozen  during  its 
transit  to  the  earth,  hail  is  produced. 

The  detection  of  aqueous  vapour  and  tlie  estima- 
tion of  its  amount  in  the  air  are  effected  by  passing  a 
measured  volume  of  the  air  through  a  previously- 
weighed  chloride  of  calcium  tube,  when  any  aqueous 
vapour  in  the  air  will  be  readily  absorbed  by  the 
fragments  of  chloride  of  calcium,  and  the  increase  in 
weight  of  the  tube  at  the  end  of  the  experiment  will 
indicate  the  amount  of  aqueous  vapour  in  the  volume 
of  air  employed. 

(6)  Carbon  dioxide. — This  gas,  commonly  known 
as  cai'bonic  acid  gas,  must  be  regarded  as  one  of 
the  useful  constituents  of  the  air  on  account  of  the 
extremely  important  part  it  takes  in  the  main- 
allowed  to  accumulate  in  excessive  quantities,  it  then 
tenance  of  vegetable  life  (see  page  86),  although  if 
becomes  an  impurity  of  the  atmosphei'e.  It  is  dei-ived 
from  the  respiration  of  human  beings  and  animals,  and 
from  the  combustion  of  fuel.  The  amoimt  of  carbon 
dioxide  normally  present  in  the  air  is  very  small, 
being  4  parts  in  10,000  or  '04  per  cent.,  and  an 
amount  slightly  in  excess  of  this  in  the  air  of  in- 
habited rooms  must  be  regai'ded  as  an  impurity,  not 
so  much  on  account  of  the  carbon  dioxide  itself,  as 
because  it  is  derived  from  the  respiration  of  human 
beings,  and  in  the  air  exhaled  from  the  lungs,  putrefi- 
able  organic  matters  are  present  that  have  a  decidedly 
deleterious  eifect  on  the  health  of  human  beings 
breathing  such  air.    When  the  carbon  dioxide  \\\  the 
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air  of  an  inhabited  room  exceeds  "06  per  cent.,  these 
putrefiable  organic  matters  become  noticeable  by- 
smell,  rendering  the  air  stuffy  or  foul,  but  since  these 
organic  matters  are  extremely  difficult  to  estimate, 
the  determination  of  the  amount  of  carbon  dioxide 
present  becomes  a  useful  gauge  of  the  foulness  of  the 
air.  To  detect  carbon  dioxide  in  the  air,  all  that  is 
necessary  is  to  expose  some  lime-water  to  the  atmo- 
sphere, when  the  presence  of  carbon  dioxide  is  in- 
dicated by  the  lime-water  becoming  turbid  or  milky, 
owing  to  the  precipitation  of  carbonate  of  lime.  To 
estimate  the  amount  of  carbon  dioxide  in  the  air,  a 
half-gallon  bottle  is  filled  with  the  air  to  be  examined, 
and  a  measured  quantity  of  lime-water  is  poured  into 
the  bottle  and  thoroughly  agitated  with  the  air  in  it. 
The  strength  of  the  lime-water  is  previously  deter- 
lained  by  ascertaining  how  much  of  a  standard 
solution  of  an  acid  is  required  to  neutralise  the  same 
quantity  of  lime-water  as  that  introduced  into  the 
half-gallon  bottle.  If  now  the  measured  quantity  of 
lime-water  that  has  been  agitated  with  the  half-gallon 
of  air  be  filtered  from  the  precipitated  carbonate  of 
lime,  and  its  strength  be  determined  by  seeing  the 
quantity  of  standard  acid  that  is  reqviired  to  neutralise 
it,  it  will  be  found  to  be  deficient  in  a  certain  amount 
of  lime,  which  represents  the  quantity  of  lime  pre- 
cipitated by  the  carbon  dioxide  in  the  half-gallon  of 
air,  fi'om  which  the  amount  of  carbon  dioxide  present 
in  the  air  can  be  easily  calculated. 

(c)  Ozone. — This  gas  is  present  in  minute  quan- 
tities in  country  air  and  in  the  vicinity  of  the  sea,  but 
not,  as  a  rule,  in  the  atmosphere  of  towns.  Its  pro- 
duction in  the  air,  and  the  means  of  detecting  it,  have 
been  previously  described  {see  pages  87,  90). 

.3.  Impurities  that  may  be  present  in 
the  atmospiicre.  {a)  Nitrogen  tetroxide  and  tdiric 
acid. — These  are  mainly  derived  from  chemical  works 
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and  factories.  Small  quantities  of  nitrogen  tetroxide 
may  be  formed  by  direct  union  of  the  nitrogen  and 
oxygen  of  the  air  during  a  thunderstorm,  the  nitrogen 
tetroxide  subsequently  uniting  with  the  moisture  in 
the  air  to  form  nitrous  and  nitric  acids. 

+      H3O     =     HNO3     +  HNO3 

-   Nitrogen  Water.  Nitrous  Nitric 

tetroxide  acid.  acid. 

(h)  Sulphur  dioxide  and  sulphurous  and  sulphuric 
acids. — Derived  from  the  combustion  of  sulphur  in 
coal,  and  from  chemical  works  and  factories. 

(c)  Chlorine. — Deri\'ed  from  chemical  works  and 
factories. 

(of)  Sul]yhuretted  hydrogen. — Derived  from  chemical 
works  and  gas  works. 

(e)  Carbon  dioxide  in  excess. — Derived  from  re- 
spiration and  from  combustion  of  fuel. 

(y  )  Carbonic  oxide. — Derived  from  combustion  of 
fuel. 

{g)  Particles  of  soot. — Derived  from  fuel. 
(A)  Fungoid  and   bacterial   organisms.  —  From 
various  sources. 
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CHAPTER  V. 

OXIDES  OF  NIIROGEN — NITRIC  ACID. 

Nitrogen  Monoxide  —  Nitrogen  Dioxide  —  Nitrogen  Trioxide  — 
Nitrogen  Tetroxide — Nitrogen  Pentoxide — Modes  of  Prepara- 
tion and  Properties  of  the  Oxides  of  Nitrogen — Tests  for  the 
Oxides  of  Nitrogen — Nitrous  Acid — Nitric  Acid — Nitrates. 

THE  OXIDES  OF  NITROGEN. 

There  are  five  compounds  of  oxygen  and  nitrogen, 
viz.  : 

N^O  Nitrogen  monoxide,  or  nitrous  oxide,  or  laughing  gas. 
N.jOo  Nitrogen  dioxide' or  nitric  oxide. 
N2O3  Nitrogen  trioxide  or  nitrous  anhydride. 
N2O4  Nitrogen  tetroxide  or  nitric  peroxide. 
NoOg  Nitrogen  pentoxide  or  nitric  anhydride. 

Of  these  oxides,  the  first  four  mentioned  are  gases, 
the  last  is  a  white  crystalline  solid.  The  first  two 
(NjO  and  NjOg)  are  colourless  gases,  the  second  two 
(NoOg  and  N^OJ  are  both  of  a  reddish-brown  colour. 

The  chemistry  of  the  individual  oxides  of  nitrogen 
will  now  be  considered. 

NITROGEN  MONOXIDE. 
Formula,  NgO  ;  molecular  weight,  44. 

Also  known  as  nitrous  oxide  and  laughing  gas. 

mode  of  preparation. — Nitrous  oxide  is  ob- 
tained by  heating  crystals  of  ammonium  nitrate  in  a 
flask,  and  collecting  the  gas  over  warm  water,  as  it  is 
appreciably  soluble  in  cold  water  (Fig.  10). 

Properties. — The  specific   gravity   of  nitrous 


112 


Chemistry. 


[Part  II 


oxide  is  22,  and  it  is  heavier  than  air ;  it  is  colourless 
and  odourless,  but  has  a  slightly  sweet  taste  ;  it  is 
non-combustible,  and  is  not  a  supporter  of  combustion 
(see  below) ;  it  is  fairly  soluble  in  cold  water,  but 
considerably  less  so  in  hot.  It  is  not  a  poisonous  gas, 
although  when  inhaled  in  a  pure  state  it  produces  in 
sensibility,  and  is  hence  used  for  the  painless  per- 
formance of  some  minor  operations.    If  the  adminis- 


Fig.  10.— Preparation  of  Nitrogen  Monoxide, 

tration  of  it  be  continued  for  too  long  a  time,  death 
from  asphyxia  will  result.  The  exaggerated  name 
of  "  laughing  gas  "  is  due  to  the  fact  that  if  nitrous 
oxide  be  inhaled  mixed  with  air,  a  feeling  of  exhilar- 
ation is  produced.  Nitrous  oxide,  when  brought  in 
contact  with  the  air,  remains  unchanged. 

Test. — The  fact  that  nitrous  oxide  is  a  colourless 
gas,  and  does  not  change  colour  on  exposure  to  the 
air,  is  sufficient  to  distinguish  it  from  the  other  oxides 
of  nitrogen ;  and  that  it  is  an  oxide  of  nitrogen  can  be 
demonstrated  by  the  fact  that  a  piece  of  sulphur 
feebly  ignited  is  extinguished  on  being  plunged  into 
a  jar  of  nitrous  oxide,  whereas,  if  the  sulphur  be  more 
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strongly  heated  and  be  burning  vigorously,  it  will  not 
only  continue  to  burn,  but  will  burn  with  increased 
vigour,  on  being  plunged  again  into  the  gas.  The 
fact  that  the  feebly-ignited  sulphur  is  extinguished 
when  plunged  into  a  jar  of  the  gas  is  explained  by 
nitrous  oxide  being  a  non-supporter  of  combustion ; 
on  the  other  hand,  the  reason  for  the  more  vigorously 
burning  and  hotter  sulphur  continuing  to  burn  with 
even  increased  vigour  when  plunged  into  the  same 
gas,  is  that  the  greater  heat  is  capable  of  decomposing 
the  nitrous  oxide  into  its  elements,  and,  in  the  free 
oxygen  so  produced,  the  combustion  of  the  suljjhur 
proceeds  more  vigorously  than  in  air,  since  the  pro- 
portion of  oxygen  to  nitrogen  is  1  to  2,  whereas  in  air 
it  is  1  to  4.  It  will  now  be  understood  that  it  is 
quite  correct  to  describe  nitrous  oxide  as  a  non- 
supporter  of  combustion,  since  it  has  to  be  decomposed 
into  its  elements  for  combustion  to  be  possible,  and  it 
is  then  the  free  oxygen,  and  not  the  oxide  of  nitrogen, 
that  is  the  sujjporter  of  combustion. 

These  remarks  will  also  apply  to  the  three  follow- 
ing oxides  of  nitrogen. 

NITROGEN  DIOXIDE. 
Formida,  N3O3 ;  molecular  weight,  60. 
Also  known  as  nitric  oxide. 

JHodcs  of  pi'jeparation.— (i)  Nitrogen  dioxide 
is  most  readily  obtained  by  pouring  slightly  diluted 
nitric  acid  (of  sp.  gr.  1-23)  upon  copper  turnings,  and 
collecting  the  gas  over  water  (Fig.  11). 

Of  the  nitric  acid  employed,  only  one-fourth  fur- 
nishes the  gas,  the  other  three-fourths  uniting  with 
the  copper  to  form  copper  nitrate,  thus  : 

Cug  +  8HNO3  =  3Cu(NO,,)3  +  N2O3  -f  H,0 

Copper.      Nitric  acid.        Copper  nitrate.       Nitrogen  "Water. 

dioxide. 

1—32 
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(ii)  Nitrogeu  dioxide  may  also  Le  prepared  by 
the  action  of  nitric  acid,  of  the  same  strength  as  just 
mentioned,  on  any  of  the  following  metals  :  viz.  iron, 
lead,  mercury,  silver,  and  bismuth. 

Properties. — The  specific  gravity  of  nitrogen 
dioxide  is  30,  and  it  is  heavier  than  air ;  it  is  a 
colourless  gas,  but  on  exposure  to  tlie  air  it  becomes 
of  a  reddish-brown  coloui*,  due  to  its  uniting  with 


Fig.  11. — Preparation  of  Nitrogeu  Dioxide, 


oxygen  of  the  air  to  form  either  nitrogen  trioxide  or 
teti'oxide.  Thus,  if  it  be  brought  in  contact  with  a 
small  quantity  of  air,  nitrogen  trioxide  will  be  formed  : 

2^203     +      Oo     =  2N"203 

Nitrog:eu  Oxygen.  Nitrogen 

dioxide.  trioxide. 

If  in  contact  with  excess  of  air,  then  nitrogen 
tetroxide  will  be  produced  : 


Nitrogen  Oxygen, 
dioxide. 


Nitrogen 
tetxoxide. 


Chap.  V.) 


Nitrogen  Trioxide. 


As  I'fgards  the  odour  and  taste  of  nitrogen 
dioxide  nothing  is  definitely  known,  since  it  is  im- 
])0ssible  to  either  smell  or  taste  it  without  its  being 
brought  into  contact  with  air,  in  which  case  the  smell 
and  taste  of  either  nitrogen  trioxide  or  tetroxide 
would  be  observed.  Nitrogen  dioxide  is  non-com- 
bustible, and  is  not  a  supporter  of  combustion.  {See 
remarks  on  page  113  concerning  nitrogen  monoxide.) 
It  is  practically  insoluble  in  water,  and  it  is  a  poisonous 
gas.  If  passed  into  a  solution  of  ferrous  sulphate 
(FeSO^),  the  latter  is  blackened  on  account  of  the 
formation  of  a  molecular  compound  (FeSO^  NoOg), 
which  is  of  a  black  colour  ;  advantage  is  taken  of  this 
property  in  the  ordinary  test  for  nitrates,  in  which 
ferrous  sulphate  and  sulphuric  acid  are  added  as  test- 
I'eagents. 

Test.— Nitrogen  dioxide  is  the  only  colourless  gas 
that  becomes  of  a  reddish-brown  colour  on  exposure  to 
the  air ;  this  is,  therefore,  a  very  simple  and  absolutely 
diagnostic  test  for  the  gas. 

NITROGEN  TRIOXIDE. 
Formula,  N3O3 ;  molecular  toeiyht,  76. 

Also  known  as  nitrous  anhydride. 

Modes  of  preparation. — (i)  Nitrogen  tri- 
oxide is  best  prepared  by  the  action  of  nitric  acid, 
with  moderate  heat,  on  white  arsenic  (arsenious  oxide), 
when  the  higher  oxide  of  arsenic  is  produced,  the 
nitrogen  trioxide  being  evolved  as  a  reddish-brown 
gas,  thus : 

AS2O3  +  2HNO.5  =  AS2O5  -I-  N2O3  +  HgO 

Arsenious  Nitric  Arsenic       Nitrogen  Water, 

oxide.  acid.  oxide.  trioxide. 

(ii)  Nitrogen  trioxide  can  be  obtained,  though 
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not  in  a  puve  state,  by  the  action  of  nitric  acid,  with 
heat,  on  starch. 

(iii)  ISTitrogen  trioxide  may  also  be  prepared  by 
bringing  nitrogen  dioxide  in  contact  with  a  limited 
amount  of  oxygen,  or  of  air,  thus  : 


2N2O3      +      00      =  2N2O3 

Nitrogen  Oxygen.  Nitrogen 

dioxide.  trioxide. 


Propci'ties. — The  specific  gravity  of  niti-ogen 
trioxide  is  38,  and  it  is  considerably  heavier  than  air ; 
it  is  a  gas  possessing  a  reddish-brown  colour,  a  strong 
irritating  odour,  and  an  unpleasant  acid  taste.  It  is 
non-combustible,  and  as  regards  its  being  a  supporter 
or  non-supporter  of  combustion  the  remarks  made  on 
page  113  apply  equally  to  tliis  gas.  "When  passed  into 
water  it  i-eadily  dissolves,  uniting  with  the  water  to 
form  nitrous  acid,  thus  : 


N3O3  + 

Nitrogen 
trioxide. 


H3O 
Water. 


2HNO2 
Nitrous 
acid. 


Similarly,  if  passed  into  a  solution  of  an  alkali 
or  of  an  alkaline  carbonate,  it  will  form  a  nitrite  of 
the  alkali  metal,  thus  : 


2KH0  -f  N2O3 

Potassium  Nitrogen 
hydrate.  trioxide. 

Na.OOg  +  NgOg 

Sodium  Nitrogen 
carbonate.  trioxide. 


2KNO2  +  HoO 

Potassium  Water, 
nitrite. 

.  2JSraNOo  +  CO3 

Sodium  "  Carbon 

nitrite.  dioxide. 


Nitrogen  trioxide  is  a  poisonous  gas,  and  when 
brouirht  in  contact  with  the  air  is  converted  into 
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uiti-ogen  tetroxide,  although  no  change  of  colour  takes 
place,  since  the  two  gases  are  of  the  same  colour. 

Test. — The  characteristic  reddish-brown  colour 
indicates  that  the  gas  is  either  nitrogen  trioxide  or 
tetroxide,  and  these  two  gases  are  best  distinguished 
by  their  different  specific  gravities,  that  of  the  former 
being  38,  of  the  latter  46. 

NITROGEN  TETROXIDE. 
Fminulay  N^O^;  molecular  weight,  92. 

Also  known  as  nitric  peroxide. 

Modes  of  preparation. — (i)  The  simplest 
way  of  obtaining  nitrogen  tetroxide,  for  experimental 
purposes,  is  by  the  action  of  strong  nitric  acid  on  the 
metal  tin,  when  a  violent  action  takes  place  with 
copious  evolution  of  the  gas  and  the  production  of  a 
white  powder,  metastannic  acid. 

Sn^  +  2OHNO3  =  HioSnjO^j  +  lONoO^  +  SHgO 

Tin.         Nitric  acid.         Metastannic         Nitrogen  Water. 

acid.  tetroxide. 

(ii)  Nitrogen  tetroxide  may  be  obtained  by  mix- 
ing nitrogen  dioxide  with  a  sufficiency  of  oxygen,  or 
of  air. 

N2O2        +        02       =  N2O4 
Nitrogen  Oxygen.  Nitrogen 

dioxide.  tetroxide. 

(iii)  It  may  also  be  prepared  by  mixing  nitrogen 
trioxide  with  oxygen  or  air. 

2N2O,      -h      O2     =  2N20^ 

Nitrogen  Oxygen,  Nitrogen 

trioxide.  tetroxide. 


Properties. — The  specific  gravity  of  nitrogen 
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tetroxide  is  46,  and  it  is  therefore  considerably  heavier 
than  air.  It  possesses  a  similar  reddish-brown  colour 
to  that  of  nitrogen  trioxide,  a  strong  irritating  odour, 
and  an  unpleasant  acid  taste.  It  is  non-combustible, 
and  the  remarks  made  on  page  113,  as  to  nitrogen  mon- 
oxide being  a  supporter  or  non-supporter  of  com- 
bustion, apply  to  this  gas.  It  dissolves  readily  in 
water,  producing  a  mixture  of  nitrous  and  nitric 
acids. 

NgO.^    -f-    HgO    =    HNOg    +  HNO3 

Nitrogen  Water.  Nitroua  Nitric 

tetroxide.  acid.  aeid. 

Similarly,  if  passed  into  a  solution  of  an  alkali  or 
of  an  alkaline  cai-bonate,  it  will  form  a  mixture  of  a 
nitrite  and  a  nitrate  of  the  alkali  metal,  thus  : 


2KH0  +  NoO.^  = 

Potiissium  Nitrogen 
lij'driite.  tetroxide. 

NaoCO.5  -I-  NjO,.  = 

So  lium  Nitrogeu 
carbouate.  tetroxide. 


KNOo  -I-  KNOa  +  HoO 

Potaasimn       Potassium  Water. 
nitj:ite.  nitrate. 

NaN02  +  NaNOg  +  CO, 

Soilinm  •  Sodium  Carbon 

nitrite.  nitrute.  dioxide. 


Nitrogen  tetroxide  is  a  poisonous  gas  ;  it  is  not 
changed  when  brought  in  contact  with  the  air. 

Test. — As  previously  stated,  this  gas  and  nitrogen 
trioxide  are  the  only  two  gases  possessing  a  character- 
istic reddish-brown  colour,  ami  they  may  be  distin- 
guished from  one  another  by  their  ditierent  specific 
gravities. 

NITROGEN  PENTOXIDE. 
Formula,  N3O5 ;  molecidar  weight,  108. 

Also  known  as  nitric  anhydride. 

Mode  of  preparation. — Nitrogen  pentoxide, 


Chap,  v.] 


Nitrogen  Pentoxide. 


119 


or  nitric  anhydride,  is  prepared  by  passing  a  stream 
of  chlorine  gas  over  solid  nitrate  of  silver  contained  in 
a  glass  tube  and  gently  heated,  when  the  chlorine 
unites  with  the  silver  to  form  silver  chloride,  and  the 
vapour  of  nitric  anhydride  and  oxygen  are  evolved, 
the  nitric  anhydride  condensing  as  a  white  crystalline 
solid  in  the  cool  part  of  the  tube,  and  the  oxygen 
escaping. 

4AgN03  +  2CI2  =  4AgCl  +  2N2O5  +  O2 

Silver  Chlorine.         Silver  Nitrogen  Oxygen, 

nitrate.  cbloride.  pentoxide. 

If  too  much  heat  is  employed,  the  nitric  anhydride 
is  decomposed  with  violent  explosive  force. 

Properties.  —  Nitrogen  pentoxide,  or  nitric 
anhydride,  is  the  only  solid  oxide  of  nitrogen  ;  it  is  a 
white  crystalline  substance.  When  placed  in  water 
it  forms  nitric  acid. 


N2O5      +      HgO      =  2HNO3 

Nitrogen  Water.  Nitric 

pentoxide.  acid. 


Some  of  the  more  important  physical  properties  of 
the  oxides  of  nitrogen  may  be  tabulated  thus  : 


Colourless,  and  not  changing  colour  on  exposure 
to  the  air. 

Colourless,  but  changing  to  a  reddish-hrown 
colour  on  e-xposure  to  the  air. 

Both  of  a  reddish-brown  colour. 


(lases ■ 

N2O0 

Solid, 

Tabular  view  of  the  action  of  the  oxides  of  nitrogen 
on  water : 
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No  action  | 


N3O;,    Forms  nitrous  acid. 
Act  on  water  \  Nv,04    Forma  nitrous  and  nitric  acids. 
NjOg    Forms  nitric  acid. 


NITRIC  ACID. 
Formula,  HNO3  ;  molecular  weight,  63. 

ITIodc  of  preparation — Nitric  acid  is  prepared 
by  the  distillation  of  sulphuric  acid  with  any  nitrate. 
One  of  the  natural  nitrates,  potassium  nitrate  or  so- 
dium nitrate,  is  employed,  and  according  to  the  amount 
of  sulphuric  acid  used,  an  acid  sulphate  or  a  neutral 
sulphate  of  the  alkali  metal  will  be  left  behind  in  the 
I'etort.  Thus  if  the  sulphuric  acid  be  in  excess,  an 
acid  sulphate  is  formed  : 

KNO.5   +   HoSO^  =  KHSO4  -f  HNO3 

Potassium         Sulphuric        Potassium        Nitric  acid, 
uiti'ate.  acid.         acid  sulphate. 

If  the  nitrate  be  in  excess,  a  neutral  sulphate  is 
formed  : 

2KNO3  +   HoSO^  =  KoSO^   +  2HNO3 

Potassium         Sulpliuric        Potassium        Nitric  acid, 
nitrate.  acid.  sulphate. 

Properties. — Nitric  acid,  if  pure,  is  a  colourless 
liquid,  fuming  on  exposure  to  the  air,  and  possessing 
an  irritating  smell.  Commercial  nitric  acid  consists 
of  70  per  cent,  of  nitric  acid,  the  remaining  30  per 
cent,  being  water,  and  it  is  of  specific  gravity  1-42. 
Pure  nitric  acid  is  of  specific  gravity  1"52,  and  is  a 
very  unstable  body.  Aquafortis  is  an  old  name  for 
nitric  acid,  given  to  it  on  account  of  its  property  of 
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acting  on  most  of  the  metals  ;  the  only  common  metals 
not  acted  on  by  nitric  acid  are  gold  and  platinum.  A 
mixture  of  thi'ee  parts  of  nitric  acid  to  four  parts  of 
hydrochloric  acid  is  known  as  aqua  reyia,  on  ac- 
count of  its  property  of  dissolving  gold,  the  "king 
of  metals."  A  commercial  article  known  as  yellow 
or  fuming  nitric  acid,  which  contains  dissolved 
nitrogen  tetroxide,  is  made  by  distilling  potassium 
nitrate  and  strong  sulpliuric  ajid  in  the  proportions 
to  form  the  neutral  ]jotassium  suljjhate,  and  using  a 
liigher  temperature  than  is  employed  in  the  manufac- 
ture of  the  ordinary  acid.  Nitric  acid  corrodes  and 
stains  the  skin  and  articles  of  clothing,  producing  a 
yellosv  stain,  the  colour  of  which  is  not  removed  but 
intensified  by  the  application  of  solution  of  ammonia. 
Strong  nitric  acid  is  a  powerful  corrosive  and  irritant 
poison. 

Tests. — Nitric  acid,  whether  in  the  free  state  or 
in  the  form  of  a  nitrate,  may  be  detected  by  the  fol- 
lomng  tests  : — (i)  To  a  solution  of  a  nitrate  con- 
tained in  a  test-tube  add  two  or  three  crystals  of  fer- 
rous sulphate,  shake  for  a  few  seconds,  and  then  pour 
some  strong  sulphuric  acid  down  the  side  of  the  tube, 
so  that  it  may  collect  as  a  layer  at  the  bottom  of  the 
tube ;  a  black  or  dark  brown  colour  will  then  appear 
at  the  junction  of  the  two  liquids,  due  to  the  liberated 
nitrogen  dioxide  forming  a  black  compound  with  the 
ferrous  sulphate.  This  test,  when  carefully  conducted, 
is  a  delicate  test  for  a  nitrate. 

(ii)  To  a  solution  of  a  nitrate  add  some  copper 
turnings,  apply  a  gentle  heat,  and  then  carefully  add 
strong  sulphuric  acid,  until  a  free  liberation  of  gas 
occurs ;  this  gas,  which  is  nitrogen  dioxide,  will  be- 
come of  a  reddish-brown  colour  as  it  mixes  with  the 
air  in  the  test-tube. 
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NITRATES. 

Nitrates  occurring  in  nature  are  produced  by  the 
oxidation  of  organic  nitrogenous  bodies,  the  resulting 
nitric  acid  becoming  neutralised  by  contact  with  salts 
of  the  alkali  or  alkaline  earth  metals.  In  many, 
if  not  in  all  cases,  this  oxidation  of  the  nitrogen  of 
organic  nitrogenous  bodies  to  nitric  acid,  is  brought 
about  by  the  influence  of  a  ferment  called  the  "  nitrify- 
ing ferment,"  wliich  may  exist  in  the  soil  or  in  water. 
The  nitre  or  saltpetre  (KNO3)  formed  in  the  suiface 
soil  of  various  parts  of  India  is  produced  by  the  oxid- 
ation of  organic  nitrogenous  bodies  (especially  the 
excreta  of  animals  and  human  beings),  under  the  in- 
fluence of  the  nitrifying  ferment  and  the  tropical  heat, 
in  a  soil  rich  in  potassium  salts. 

The  small  quantities  of  nitrates  (nitrates  of  calcium 
and  magnesium)  that  may  be  present  in  well-waters 
or  river-waters  that  have  been  contaminated  with 
sewage  are  similarly  produced  by  oxidation  of  the 
nitrogenous  mattei-s  of  the  sewage,  under  the  influ- 
ence of  the  ferment,  to  nitric  acid,  and  subsequent 
neutralisation  of  this  acid  by  the  carbonate  of  calcium 
or  magnesium  in  the  water. 

A  description  of  the  various  nitrates  and  nitrites 
will  be  given  with  their  respective  metals. 
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CHAPTER  VI. 

AMMONIA — AMMONIUM  SALTS. 

Ammonia — Preparation  and  Properties  of  Ammonia— Tests  for 
Ammonia  —  Ammonium  —  Soiu-ces  of  Ammonium  Salts  — 
Ammonium  Chloride — Ammonium  Carbonate — Ammonium 
Nitrate — Ammonium  Bromide— Ammonium  Sulphide — Am- 
monium Acetate — Ammonium  Citrate — Ammonium  Oxalate 
— Ammonium  Benzoate — Teats  for  Ammonium  Salts. 

AMMONIA. 

Formula,  NHg  ;  molecular  weight,  17. 

Modes  of  preparalioii. — (i)  Ammonia  gas  is 
best  prepared  by  heating  a  mixture  of  dry  ammonium 
chloride  and  quicklime  (CaO)  or  slaked  lime(Ca(H0)2) : 


2NH^C1  +    CaO  = 

Ammonium  Quicklime, 
chloride. 

or,  2NH^C1  +Ca(H0)2= 

Ammonium  Slaked 
chloride.  liuie. 


CaClg  +  2NH3  +  H2O 

Calcium  Ammonia.  Water, 
chloride. 

CaClg  +  2NH3  +  2H2O 

Calcium  Ammonia.  Water, 
chloride. 


The  ammonia  gas  cannot  be  collected  over  water,  on 
account  of  its  extreme  solubility,  but  may  be  collected 
over  mercury,  or  by  upward  displacement  (see  Fig.  12), 
on  account  of  its  being  lighter  than  air. 

(ii)  Ammonia  may  also  be  prepared  by  heating 
ammonium  chloride,  or  any  other  ammonium  salt,  with 
caustic  potash  or  caustic  soda  : 


NH4CI  +    KHO  =  NH3  +  KCl  +  HgO 

Ammouiom  Caustic         Ammonia.    Potassium  Water, 

chloride.  potash.  chloride. 
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NH^Cl  +  NaHO  =  NH,  +  NaCl  +  H,0 

Ammouiiiui  Caustic         Ammonia.      Sodium  Water, 

chloride.  soda.  cliloride. 

(iii)  Ammonia  is  obtained  by  the  action  of 
dilute  nitric  acid  on  the  metal  zinc  : 

4Zn  +  9HN0,^  =  4Zn(NO,)3  +  NH3  +  SH^O 

Ziuc.        Nitric  acid.         Zinc  nitrate.        Ammonia  Water. 


Fig.  12. — Preparation  and  Collection  of  Ammonia  Gaa. 

The  ammonia  is  not  cA'^olved  in  this  case,  but 
unites  with  some  of  the  nitric  acid  to  form  ammonium 
nitrate,  from  which,  however,  it  may  be  set  free  by 
heating  with  a  caustic  alkali. 

(iv)  Ammonia  is  also  obtained  by  the  action  01 
dry  heat  without  contact  of  air  (destructive  distilla- 
tion), on  various  organic  nitrogenous  substances  of 
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both  aniaial  and  vegetable  origin.  Tlius,  by  the 
destructive  distillation  of  the  horns  of  animals,  am- 
monia may  be  obtained  ;  hence  the  derivation  of  the 
old  name,  "spirit  of  hartshorn,"  applied  to  solution  of 
ammonia,  Also  during  the  destructive  distillation  of 
coals,  a  large  proportion  of  the  nitrogen  unites  with 
some  of  the  hydrogen  of  the  coal  to  form  ammonia, 
which  is  ultimately  found  dissolved  in  the  light  "tar 
liquor  "  floating  on  the  top  of  the  condensed  tar. 

(v)  Ammonia  is  also  formed  during  tlie  sponta- 
neous decomposition  of  moist  animal  matter,  and 
during  the  putrefaction  of  urine  (see  page  457). 

(vi)  By  heating  organic  nitrogenous  bodies  with 
strong  caustic  alkalies,  the  nitrogen  of  the  organic 
bodies  is  converted  into  ammonia.  Advantao;e  is 
taken  of  this  fact  in  determining  the  proportion  of 
nitrogen  present  in  organic  nitrogenous  bodies,  by 
ascertaining  the  amount  of  ammonia  produced,  when 
a  weighed  quantity  of  the  organic  body  is  heated 
with  a  caustic  alkali. 

Properties. — -The  specific  gravity  of  ammonia  is 
8*5,  and  it  is  lighter  than  air  ;  it  is  a  colourless  gas, 
with  a  characteristic  strong  pungent  odour  and  alka- 
line taste ;  it  is  feebly  combustible,  not  catching  fire 
in  air,  but  in  oxygen  it  burns  with  a  pale  yellowish 
or  greenish-yellow  flame ;  it  is  not  a  supporter  of 
combustion.  It  is  the  most  soluble  of  all  the  gases  in 
water ;  1  volume  of  water  dissolving  over  800  volumes 
of  the  gas  at  ordinary  temperatures.  It  is  very  easily 
liquefied  by  pressure,  since  at  ordinary  temperatures 
under  a  pressure  of  seven  atmospheres  it  becomes 
liquid.  It  unites  readily  with  acids,  forming  ammo- 
nium salts.  If  inhaled  in  large  quantities  and  in  the 
])ure  state,  it  is  a  poison,  on  account  of  its  irritating 
action  on  the  mucous  membrane  of  tlie  respiratory 
passages.  Anunonia  is  composed  of  1  volume  of 
nitrogen  united  with  3  volumes  of  hydrogen,  the  4 
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volumes  being  condensed,  as  a  i-esult  of  the  union,  to  2 
volumes ;  therefore,  if  ammonia  gas  is  decomposed 
into  its  elements  its  volume  becomes  doubled,  thus  : 

2NH3  N3      +  SH, 

2  molecules.         1  molecule.       3  molecule?. 

From  which  it  is  seen  that  2  molecules  of  ammonia 
gas  produce  4  molecules  of  the  mixture  of  nitrogen 


Fig.   13. — A,  Ammonia  gas  before  the  passage  of  electric  sxjarks ; 
B,  after  ijassage  of  electric  sparks  for  some  time  (volume  doubled). 

and  hydrogen,  and,  since  the  molecules  of  all  gases 
occupy  the  same  bulk,  therefore  ammonia  gas  becomes 
doubled  in  bulk  when  it  is  resolved  into  its  elements. 
This  decomposition  of  ammonia  gas  into  its  elements 
can  be  eftected  at  a  high  temperature,  or  by  passing 
electric  sparks  for  some  time  through  the  gas  confined 
in  a  eudiometer  over  mercury  (Fig.  13). 

Tests.— (i)  The  odour  of  the  gas  constitutes  a 
fairly  delicate  test. 

(ii)  Dense  white  fumes  are  produced  on  inserting 
a  rod  moistened  with  strong  hydrochloric  acid  into  a 
jar  or  tube  of  the  gas. 
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(iii)  Moistened  red  litmus  paper  is  turned  blue 
when  brought  in  contact  with  the  gas. 

(iv)  The  most  delicate  test  for  small  quantities 
of  ammonia  in  solution,  as  in  a  drinking-water,  is  the 
"  Nessler  test  "  ;  this  consists  in  adding  to  the  water 
some  Nessler  reagent  (see  page  293),  when  a  reddiah- 
brown  colour  or  precipitate  is  produced,  according  to 
the  amount  of  ammonia  present. 

AMMONIUM  AND  ITS  SALTS. 

The  radical  ammonium  (NH^)  has  never  been 
isolated,  nor  has  the  molecule  (NH4)2.  The  latter, 
however,  has  been  obtained  in  the  form  of  an  amalgam 
with  mercury,  by  placing  sodium  amalgam  in  a  strong 
solution  of  ammonium  chloride,  when  the  ammonium 
takes  the  place  of  the  sodium,  and  a  light,  bulky 
amalgam  with  a  metallic  lustre  is  obtained. 


HgNa^    +    2NH,C1  = 

Sodinm  Ammonium 
amalgam.  chloride. 


Hg(NHJ.2    +  2NaCl 

Ammonium  Sodium 
amalgam.  chloride. 


This  ammonium  amalgam  is,  however,  very  un- 
stable, and  in  the  course  of  a  few  minutes  is  resolved 
into  free  mercury,  with  escape  of  ammonia  and 
hydrogen  gases. 

Hg(NH,)2    =    Hg    -F    2NH3  -h 

Ammonium  Mercury.         Ammonia.  Hydrogen, 

amalgam. 

Sources  of  the  ammonium  salts.— (i)  The 

ammonium  salts  of  commerce  are  principally  prepared 
dii-ectly  or  indirectly  from  the  ammoniacal  tar  liquor 
of  the  gasworks  (see  page  125);  this  contains,  in 
solution,  free  ammonia,  and  on  neutralisation  with 
hydrochloric  acid  and  subsequent  concentration  of  the 
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liquid  by  evaporation,  crystals  of  ammonium  chloride 
are  obtained.  (ii)  The  boracic  acid  of  volcanic 
origin  obtained  in  Tuscany  (see  page  174)  is  accom- 
panied by  ammonia  salts,  and  on  submitting  the 
crude  boracic  acid  to  heat  with  carbonate  of  soda,  a 
very  pure  carbonate  of  ammonium  (the  so-called  vol- 
canic carbonate  of  ammonium)  volatilises  and  con- 
denses, (iii)  As  mentioned  on  page  125,  solution  of 
ammonia  (spirit  of  hartshorn)  was  formerly  prepared 
by  the  desti'uctive  distillation  of  the  horns  of  animals, 
(iv)  The  excreta  of  some  animals,  such  as  camels 
and  serpents,  contain  large  quantities  of  ammonium 
salts  ;  and  by  heating  the  excreta  with  sodium  chloride 
(common  salt),  ammonium  chloride  volatilises  and 
can  be  condensed  in  the  solid  form. 

Ammonium  Salts. 

Aininoniuin  chloride  (NH^Cl).  Also  known 
as  sal  am))ioniac.  As  previously  described,  this  is 
obtained  from  the  ammoniacal  coal-tar  liquor  of  the 
gasworks. 

Aiiimoiiiiiiii  carbonate  (N^Hj^^CgOg). — Pre- 
pared by  heating  a  mixture  of  solid  ammonium 
chloride  and  chalk  (calcium  carbonate),  when  the  am- 
monium carbonate  sublimes  as  a  white  solid.  This,  the 
commercial  ammonium  carbonate,  is  not  the  normal 
carbonate,  but  consists  of  a  mixture  of  two  molecules 
of  the  bicarbonate  of  ammonium  (JSTH^HCOg)  with 
one  molecule  of  the  carbamate  of  ammonium 
(NH^NHoCO,),  thus : 

2NH^HC03,  NH^NH^COo  =  N^Hir.CgOg. 

By  dissolving  this  commercial  carbonate  in  water, 
the  cai-bamate  unites  mth  the  elements  of  water  to 
form  the  normal  carbonate,  thus  : 
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NH.,NH2COo    +    HoO    =  (NHJ2CO3 

Ammonium   "  Water.  Normal  ammonium 

carbamate.  carbonate. 

Then,  i£  some  solution  of  ammonia  be  added  to 
this  solution,  the  bicarbonate  is  also  converted  into 
the  normal  carbonate,  thus  : 

2NH^HC03    +    2NH3    =  2(NH^)2C03 

Ammoniiuu  Ammonia.  Normal  ammonium 

bicarbonate.  carbonate. 

So  that  to  prepare  a  solution  of  the  normal  am- 
monium carbonate,  such  as  is  employed  as  a  test- 
reagent,  it  is  necessary  to  dissolve  the  commercial 
carbonate  in  water,  and  then  to  add  some  solution  of 
ammonia. 

Aiiinioiiiiiiii  nitrate  (NHJNO3). — Prepared  by 
neutralising  nitric  acid  with  ammonium  carbonate,  or 
with  solution  of  ammonia. 

Ammonium  bromide  (NH^Br). — Prepared  by 
neutralising  hydrobromic  acid  with  ammonium  car- 
bonate, or  with  solution  of  ammonia. 

Ammonium  sulphide  ( (lSrH^)2S). — Prepared 
by  saturating  solution  of  ammonia  with  sulphuretted 
hydrogen  gas. 

2NH3         +         HgS         =  (NHJgS 

Ammonia.      Sulphuretted  Ammonium 
hydrogen.  sulphide. 

Ammonium  acetate  (NH^C2H302),  Ammo- 
nium citrate  ( (NH^)3CgH50^),  ammonium 
oxalate  ((iSrHj2C20t),  and  ammoniun  benzoate 

(NH^C7H502)  are  made  by  neutralising  the  respective 
acids  with  ammonium  carbonate,  or  with  solution  of 
ammonia, 
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Tests  for  ammonium  salts. 

(i)  If  a  solution  of  an  ammonium  salt  be  heated 
with  caustic  potash  or  caustic  soda,  ammonia  gas  will 
be  evolvedj  which  can  be  recognised  by  its  odour,  by 
its  turning  moistened  red  litmus  paper  blue,  and  by 
the  white  fumes  produced  when  a  glass  rod  moistened 
with  strong  hydrochloric  acid  is  brought  near  it. 

(ii)  If  to  a  solution  of  an  ammonium  salt  some 
Nessler  reagent  be  added,  a  reddish-brown  colour  or 
precipitate  will  be  produced. 


f3f 


CHAPTER  VII. 

CHLORINE — OXIDES  AND  ACIDS  OP  CHLORINE. 

Halogen  Elements— Chlorine— Preparation  and  Properties  of 
Chlorine  -Tests  for  Chlorine — Hydrochloric  Acid — Nitro- 
hydrochloric  Acid — Chlorine  Monoxide  or  Hypochlorous 
Anhydride— Chlorine  Trioxide  or  Chlorous  Anhydride- 
Chlorine  Tetroxide  or  Chlorine  Peroxide — Hypochlorous  Acid 
— Chlorinated  Bodies— Chlorous  Acid— Chloric  Acid — Per- 
chloric Acid. 

HALOGEN  ELEMENTS. 

The  halogen  elements,  viz.  chlorine,  bromine, 
iodine,  and  fluorine,  are  four  elements  that  are 
closely  allied  to  one  another  in  their  properties. 
With  metals  they  all  form  compounds  analogous  to 
sea- salt,  hence  the  derivation  of  the  term  halogen 
(from  d\c,  sea-salt ;  yevvau},  I  produce).  None  of 
them  occur  free  in  nature.  The  haloid  salts  consist 
of  two  elements  only,  the  haloid  element  and  a  metal ; 
e.g.  sodium  chloride  NaCl,  potassium  iodide  KI, 
potassium  bromide  KBr,  calcium  fluoride  CaFg. 

CHLORINE. 

Symbol,  CI ;  formula,  CI3 ;  monad  ;  atomic 
weight,  35 '5  ;  molecular  weight,  71. 

Chlorine  occurs  in  nature  combined  with  metals 
as  chlorides,  of  which  the  commonest  is  sodium 
chloride,  sea-salt  or  rock-salt.  The  name  chlorine  is 
derived  from  yXwpoQ,  green,  on  account  of  the  greenish- 
yellow  colour  of  the  gas. 

ITIodes  of  preparation.— (i)  Chlorine  is  most 


132 


Chemistry. 


[Part  II. 


readily  prepared  by  heating  a  mixture  of  strong  hydro- 
chloric acid  and  manganese  dioxide  (black  oxide  of 
manganese),  and  collecting  the  gas  by  downward  dis- 
placement of  air  (Fig.  14), 

The  reaction  takes  place  in  two  stages,  the  hydro- 
chloric acid  first  forming  manganese  tetrachloride. 

Mn03    -h   4HC1  =    MnOl^  2H3O 

Manganese      Hydrochloric       Manganese  Water, 
dioxide.  acid.  tetrachloride. 


Fig.  14. — ^Preparation  and  Collection  of  Chlorine. 

The  manganese  tetrachloride  being  then  decom- 
posed by  the  heat  into  the  manganous  chloride  and 
chlorine. 

MnCl^    =    MnClo    +  Clj 

Manganese  Manganous  Chloride, 

tetrachloride.  chloride. 

(ii)  Chlorine  may  also  be  prepared  by  heating  a 
mixture  of  common  salt,  manganese  dioxide  and 
sulphuric  acid. 
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2NaCl    +    MnOo    +    2H2SO^    =    MnSO^  + 

Sodium  Manganese  Sulphuric  Manganese 

chloride.  dioxide.  acid.  sulphate. 

Na.2S0^    +    CI.2    +  2H2O 

Sodium  Chlorine.  Water, 

sulphate. 

In  a  similar  way,  cliloriiie  may  be  obtained  by  the 
action  of  manganese  dioxide  and  sulphuric  acid  on 
any  metallic  chloride. 

(iii)  By  passing  a  mixture  of  hydrochloric  acid 
gas  and  air  over  red-hot  bricks,  chlorine  is  obtained  ; 
by  this  method  the  chlorine  obtained  is  necessarily 
mixed  with  the  nitrogen  of  the  air,  an  admixture  of 
but  little  importance  when  the  chlorine  is  to  be  used 
for  manufacturing  purposes. 

4HC1    +  =    2H2O    +  2CI2 

Hydrochloric       Oxygen  Water.  Chlorine, 

acid  gas.        of  the  air. 

(iv)  Deacon's  process  for  the  manufacture  of 
chlorine  consists  in  passing  a  mixture  of  hydrochloric 
acid  gas  and  air  over  heated  fragments  of  pumice  stone 
saturated  with  cupric  chloride.  The  cupric  chloride  is 
decomposed  into  cuprous  chloride,  evolving  one-half  of 
its  chlorine. 

2CuCl2    =    CU2CI2    +  CI2 

Cupric  Cuprous  Chlorine, 

chloride.  chloride. 

The  cuprous  chloride  is  then  reconverted  into 
cupric  chloride  by  means  of  chlorine,  which  is  liberated 
from  the  hydrochloric  acid  gas  by  the  oxygen  of  the 
air. 


2CU2CI2    +    iHCl    +    O2   =   4OUCI2   +  2H2O 

Cuprous        Hydrochloric      Oxygen  Cupric  "  Water, 

chloride.  acid  gas.       of  the  nir.  chloride. 
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The  cupric  chloride  then  again  becomes  i-educed  to 
cuprous  chloride  with  evolution  of  half  its  oxygen, 
and  so  on. 

(v)  Ohloi'ine  may  be  obtained  by  the  electrolysis 
of  hydrochloric  acid,  using  electrodes  of  gas-carbon  ; 
equal  volumes  of  chlorine  and  hydrogen  are  evolved, 
the  chlorine  being  set  free  at  the  positive  pole,  and 
the  hydrogen  at  the  negative  pole. 

Properties. — The  specific  gravity  of  chlorine  is 
35-5;  it  is  a  heavy  gas,  being  2^  times  heavier  than 
air.  It  has  a  greenish-yellow  colour,  a  very  un- 
pleasant suffocating  odour,  and  a  disagreeable  taste. 
It  is  non-combustible,  as  chlorine  will  not  combine 
directly  with  oxygen,  but  in  an  atmosphere  of 
hydrogen  chlorine  will  burn  with  a  pale  livid  flame, 
producing  hydrochloric  acid ;  and  conversely,  hydrogen 
will  burn  in  an  atmosphere  of  chlorine.  Chlorine  is  a 
supporter  of  combustion  in  a  limited  sense  only  ;  if  a 
burning  body  contains  hydrogen,  then  it  will  continue 
to  burn  in  chlorine  with  a  feeble  flame,  the  chlorine 
uniting  with  the  hydrogen  to  form  hydrochloric  acid, 
but  not  uniting  with  the  carbon  of  the  burning  body. 
Thus,  if  a  lighted  candle  be  lowered  into  a  jar  of 
chlorine,  the  candle  will  continue  to  burn  with  a  pale 
reddish  flame,  but  all  the  carbon  will  be  set  free  as  a 
dense  smoke.  A  piece  of  glowing  charcoal  will  not 
burn  in  chlorine,  since'  it  contains  no  hydrogen.  If 
a  piece  of  paper  saturated  with  oil  of  turpentine 
(Cj„Hj^,)  be  thrown  into  a  jar  of  chlorine,  the  turpen- 
tine catches  fire  from  the  heat  produced  by  the  rapid 
union  of  the  chlorine  with  the  hydrogen,  but  all  the 
carbon  is  set  free  as  dense  smoke. 

Chlorine  is  also  a  supporter  of  combustion  as 
regards  the  following  bodies.  A  piece  of  phosphorus 
catches  fire  when  introduced  into  chlorine,  forming 
the  pentachloride  of  phosphorus  (PC1-).  Chlorine 
will  also  combine  with  all  metals,  forming  metallic 
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chlorides ;  and  if  a  metal  in  a  fine  state  of  division 
(such  as  powdered  antimony)  be  thrown  into  a  jar  of 
chlorine  it  will  ignite  spontaneously,  from  the  heat 
produced  by  the  intensity  of  the  union  of  the  chlorine 
■with  the  metal.  Chlorine  is  soluble  in  water,  1  volume 
of  water  dissolving  about  2^  volumes  of  the  gas ;  it 
cannot,  therefore,  be  collected  over  water,  nor  over 
mercury,  since  it  would  combine  with  that  metal. 

When  submitted  to  a  pressure  of  six  atmospheres, 
at  ordinary  temperatures,  it  is  condensed  to  a  yellow 
liquid.  Chlorine  is  a  poisonous  gas,  acting  as  a 
powerful  irritant  to  the  mucous  membrane  of  the 
respii'atory  passages.  Chlorine  also  possesses  two  very 
important  properties  as  a  bleaching  and  disinfecting 
agent ;  it  bleaches  all  vegetable  colours  in  presence  of 
moisture,  acting  in  two  ways  :  partly  by  uniting  with 
the  hydrogen  of  the  dye  and  replacing  it  by  chlorine, 
and  so  forming  a  colourless  substitution  product ;  and 
partly  by  uniting  with  the  hydrogen  of  the  water  and 
liberating  oxygen,  which  in  the  nascent  state  oxidises 
and  destroys  the  colouring  matter.  Chlorine  does 
not  bleach  mineral  colours.  As  a  disinfecting  agent, 
chlorine  acts  as  a  powerful  germicide,  but  its  un- 
pleasant odour  and  irritating  properties  when  inhaled 
prevent  its  general  use  as  a  disinfectant.  Chlorine  is 
also  a  deodoriser,  acting  by  virtue  of  its  affinity  for 
hydrogen,  by  uniting  with  the  hydrogen  of  bad-smelling 
gases  and  so  decomposing  them ;  for  instance,  if 
chlorine  be  brought  in  contact  with  sulphuretted 
hydrogen,  hydrochloric  acid  is  formed  and  sulphur 
precipitated. 

2H2S     +     2CI2     =     4HC1     +  S3 

Sulphixretted  Chlorine.         Hydrochloric  Silphur. 

hydrogen.  acid  gas. 

The  two  most  marked  chemical  properties  of 
chlorine  are :   (a)  its  property  of  combining  with 
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hydrogen ;  (6)  its  property  of  uniting  with  all  metals. 
Several  instances  of  both  these  properties  have  been 
given ;  one  further  illustration  of  the  first-mentioned 
one  may  be  given  here.  So  great  is  the  power  of 
chlorine  of  uniting  with  hydrogen,  that  if  chlorine 
water  be  simply  exposed  to  direct  sunlight  it  is  de- 
composed, the  chlorine  uniting  with  the  hydrogen  of 
the  water  and  setting  free  the  oxygen. 

2H2O      +      2CI2     =     4HC1     +  0, 

Water.  Chloriue  Hydrochloric  Oxygen. 

acid. 

Tests.— (i)  The  colour,  the  odour  and  the  fact 
that  a  piece  of  moistened  litmus  paper  (blue  or  red) 
is  bleached  by  the  gas,  constitute  very  fair  tests  for 
chlorine. 

(ii)  The  most  delicate  test  for  chlorine  is  based 
upon  the  fact  of  its  libei'ating  iodine  from  iodide  of 
potassium,  the  liberated  iodine  in  contact  with  starch 
forming  a  blue  compound.  If  a  piece  of  blotting- 
paper  be  dipped  in  a  mixed  solution  of  potassium 
iodide  and  starch  paste,  and  then  be  brought  in  con- 
tact with  chlorine,  it  is  turned  of  a  blue  colour. 
(N.B. — This  reaction  is  also  produced  by  ozone,  and 
by  nitrogen  trioxide  and  tetroxide,  see  pages  89,  90.) 

HYDROCHLORIC  ACID. 
Formula,  HCl ;  molecular  loeiyht,  36 "5. 

Also  known  as  muriatic  acid  and  spirit  of  salts. 
The  latter  name  is  applied  to  an  impure  form  of  the 
acid,  which  is  of  a  yellowish  colour  from  contamination 
with  ferric  chloride ;  it  also  generally  contains  arsenic 
as  an  impurity,  derived  from  the  impure  sulphuric 
acid  that  is  used  in  its  manufacture. 

modes  of  preparation. — (i)  Hydrochloric  acid 


Chap.  VII.]  Hydrochloric  Acid.  137 

is  most  easily  prepared  by  heating  a  mixture  of  sodium 
chloride  (common  salt)  and  sulphuric  acid. 

2NaCl    +    HjSO^    =    Na.SO^    +  2HC1 

Sodium  Sulphuric  Sodium  Water, 

chloride.  acid.  sulphate. 

The  hydrochloric  acid  is  given  oflF  as  a  gas,  and 
after  washing  it  through  a  small  quantity  of  water,  it 


rig.  15. — Preparation  of  Hydrochloric  Acid. 

is  conveyed  into  water  contained  in  a  bottle  kept  cool 
by  being  surrounded  -svith  water  (Fig.  16). 

It  readily  dissolves  in  the  water,  and  this  solution 
constitutes  the  hydrochloric  acid  of  commerce. 

(ii)  In  a  similar  manner,  hydrochloric  acid  may 
be  prepared  by  heating  sulphuric  acid  with  any 
metallic  chloride. 

(iii)  Hydrochloric  acid  may  be  prepared  by  mix- 
ing together  equal  volumes  of  hydrogen  and  chlorine, 
and  exposing  the  mixture  of  gases  to  diffused  light, 
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when  they  combine  quietly  ;  if  the  mixture  be  exposed 
to  strong  sunlight,  or  if  a  light  be  applied,  the  two 
gases  unite  suddenly  with  an  explosion.  The  volume 
of  hydrochloric  acid  gas  formed  is  exactly  equal  to 
the  volumes  of  the  constituents  ;  for 

H2      +      CI3      =  2HC1 

I  molecule.        1  molecule.  2  molecules. 

One  molecule  of  hydrogen  unites  with  one  molecule  of 
chlorine  to  form  two  molecules  of  hydrochloric  acid 
gas,  and  the  molecules  of  all  gases  occupy  the  same 
volume. 

(iv)  Hydrochloric  acid  may  also  be  prepared  by 
passing  a  mixture  of  steam  and  chlorine  through  a 
red-hot  porcelain  tube. 

2H.0    +     2CI2    =    4HC1    +  Oo 

Water.  Chlorine.       Hyclrocbloric  Oxygen 

acid. 

Properties. — Hydrochloric  acid  is  a  colourless 
gas  of  specific  gravity  18-25,  and  is  therefore  some- 
what heavier  than  air ;  it  possesses  a  pungent  odour, 
and  an  intensely  acid  taste ;  it  is  neither  combustible 
nor  a  supporter  of  combustion.  It  fumes  when 
brought  in  contact  with  the  air,  owing  to  its  dissolving 
in  the  moisture  of  the  air,  and  forming  a  cloud  of 
solution  of  hydrochloric  acid.  It  is  very  soluble  in 
water,  1  volume  of  water  dissolving  454  volumes  of 
the  gas  at  ordinary  temperatures  ;  this  solution  of  the 
gas  in  water  constitutes  the  commercial  hydrochloric 
or  muriatic  acid.  The  commercial  acid  is  a  fuming 
liquid  of  specific  gravity  1'16,  and  containing  32  per 
cent,  by  weight  of  hydrochloric  acid.  It  is  decom- 
posed by  a  current  of  electricity  (using  gas-carbon 
electrodes)  into  its  elements,  equal  volumes  of  chlorine 
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and  hydrogen  being  evolved,  the  former  from  the 
positive  pole  and  tlie  latter  from  the  negative  pole. 

Tests.— (i)  For  the  gas. — It  fumes  when  brought 
in  contact  with  the  air,  and  also  produces  a  dense 
white  cloud  when  brought  in  contact  with  ammonia 
gas ;  it  turns  blue  litmus  paper  red. 

(ii)  For  the  liquid. — Nitrate  of  silver  gives  a 
white  curdy  precipitate,  which  is  insoluble  in  strong 
nitric  acid,  but  is  soluble  in  solution  of  ammonia. 

NITRO-HYDROCHLORIC  ACID  OR  AQUA 
REGIA. 

This  name  is  given  to  a  mixture  of  strong  nitric 
and  hydrochloric  acids ;  the  mixture  has  a  very 
powerful  solvent  action  on  metals.  As  we  have  seen, 
the  name  aqua  regia  is  derived  fjom  the  fact  that  it 
dissolves  gold — the  "king  of  metals."  Its  solvent 
action  on  metals  is  due  to  the  nitric  acid,  in  presence 
of  the  metal,  liberating  chlorine  from  the  hydrochloric 
acid,  the  nascent  chlorine  then  uniting  with  the  metal. 
This  is  best  represented  in  two  equations,  thus  : 

2HNO3  +   6HC1  =  4H,0  +  NoO,  +  3CI2 

Nitric  acid.      Hydrochloric      Water.  Nitroge*n  Chlorine, 

acid.  dioxide. 

then  Auj    +     3CI2    =  2AUCI3 

Gold.  Chlorine,        Gold  chloride. 

COMPOUNDS    OF    CHLORINE  AND 
OXYGEN. 

Chlorine  and  oxygen  do  not  unite  directly;  but 
indirectly  they  may  be  made  to  form  the  three  follow- 
ing oxides  of  chlorine : 

CljO  Chlorine  monoxide  or  hypochlorous  anhj'dride. 
CL,0;j  Chlorine  trioxide  or  chlorous  anhydride. 
CLj04  Chlorine  tetroxide  or  chlorine  peroxide. 
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CHLORINE    MONOXIDE    OR  HYPO- 
CHLOROUS  ANHYDRIDE. 

Formula,  CI3O  ;  molecular  weight,  87. 

Mode  of  preparation. — By  the  action  of 
chloi'ine  gas  on  the  yellow  or  precipitated  mercuric 
oxide. 

2HgO    +    2CI3    =    HggOCl^    +  ClgO 

Mercuric  oxide.       Chlorine.  Mercuric  Chlorine 

oxychloride.  monoxide. 

Properties.- — Chlorine  monoxide  is  a  yellowish 
gas  possessing  an  odour  similar  to  that  of  chlorine, 
when  heated  it  decomposes  into  its  elements  with 
explosive  violence.  It  unites  with  water,  forming 
hypochlorous  acid. 

CUO    +    H2O    =  2HC10 

Hypochlorous        Water.  HyiJochlorous 
anhydride.  acid. 


CHLORINE  TRIOXIDE  OR  CHLOROUS 
ANHYDRIDE. 

Formula,  CloO.^ ;  molecular  weight,  119, 

Illode  of  preparation. — By  gently  warming  a 
mixture  of  potassium  chlorate,  arsenious  oxide  (white 
arsenic),  and  nitric  acid. 

2KCIO3    +     AS2O3    +     2HNO3    =    CI2O3  + 

Potassium  Arsenious  Nitric  Chlorine 

chlorate.  oxide.  acid.  trioxide. 

AsoO-    +    2KNO3    +  HoO 

Arsenic  Potassium  "Water, 

oxide.  nitrate. 
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Properties. — Chlorine  trioxide  is  a  yellow  gas  • 
possessing  an  odour  similar  to  that  of  chlorine,  and 
decomposing  into  its  elements  when  heated,  the  de- 
composition being  accompanied  by  an  explosion. 
With  water  it  unites  to  form  chlorous  acid,  but  this 
acid  is  never  obtained  in  a  pure  state. 

CI3O3    +     H3O    =  2HCIO2 

Chlorous  "Water.  Chlorous 

anhydride.  acid. 

CHLORINE  TETROXIDE   OR  CHLORINE 
PEROXIDE. 

Formula,  ClgO^;  molecular  weight,  135. 

ITIode  of  preparation. — By  very  gently  heat- 
ing potassium  chlorate  with  pure  sulphuric  acid. 

Properties. — Chlorine  tetroxide  is  a  dark  yellow 
gas,  exploding  with  terrific  violence  when  heated. 
Great  care  is  required  in  its  preparation. 


OXYACIDS  OF  CHLORINE. 

There  are  four  oxyacids  of  chlorine,  viz.  : 

HCIO  Hypoclilorous  acid. 
HClOo  CUorous 
HCIO3  Chloric  „ 
HCIO^  Perchloric  „ 


HYPOCHLOROUS  ACID. 

Formula,  HCIO. 

IVIode  of  preparation.  —  By  the  action  of 
hypochlorous  anhydride  on  water. 

CI2O    +    HgO    =  2HC10 

Hypochlorous        Water  HypoohlorouB 
anhydride.  acid. 
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Properties  and  coiiipoiinds. — Hypoclilorous 
acid  when  mixed  with  hydrochloric  acid  suffers  decom- 
position, chlorine  being  evolved. 

HCIO    +    HCl    =    CI,    +  H3O 

Hypochlorous     Hydrochloric      Chlorine.         Water.  , 
acid.  acid. 

Hypochlorous  acid  enters  into  the  composition  of 
the  chlorinated  bodies,  which  consist  of  a  mix- 
ture of  a  chloride  and  a  hypochlorite.  The  following 
are  the  principal  chlorinated  bodies  : — 

CaCL,,  Ca(C10)2  Chlorinated  lime. 
NaCl,  NaClO  „  soda. 

KCl,    KCIO  „  potash. 

They  are  made  by  the  action  of  chlorine  gas  on 
the  caustic  alkalies,  or  on  the  soluble  alkaline  carbon- 
ates. When  acted  on  by  acids  they  evolve  their 
chlorine ;  when  their  solutions  are  boiled  they  split 
up  into  chlorates  and  chlorides. 

Cliioriiiated  lime. — This  is  prepared  by  passing 
chlorine  into  damp  slaked  lime. 

2Ca(HO)o    +    2CI2  =   CaCla,  Ca(C10)2   +  2H2O 

Slaked  limer         Chloriue.  Chlorinated  lime.  Water. 

Properties. — Chlorinated  lime  constitutes  bleach- 
ing powder,  or  the  disinfectant  known  as  chloride  of 
lime.  When  treated  with  an  acid,  such  as  sulphuric 
acid,  hydrochloric  and  hypochlorous  acids  are  first 
set  free,  and  then  immediately  react  on  one  another, 
producing  free  chlorine. 

CaCl,,  Ca(C10)3    +     2H2SO^    =    2CaS0^  + 

Chlorinated  Ume.  Sulphuric  Calcium 

acid.  sulphate. 

2HC1     -f  2HC10 

Hydrochloric  Hypochlorous 
acid.  acid 
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then 


2HC1    +    2HC10    =    2CI2    +  2H2O 

Chlorijie.  Water. 


Hydrochloric 
acid. 


Hypochlorous 
acid. 


Chlorinated  lime  is  acted  on  by  the  weakest  acids, 
for  even  when  exposed  to  the  air,  the  carbon  dioxide 
(carbonic  acid  gas)  of  the  air  sets  free  hypochlorous 
acid,  -which  then  decomposes  with  evolution  of 
chlorine ;  it  is  in  this  way  that  chloride  of  lime  acts 
as  a  disinfectant.  Its  bleaching  powers  also  depend 
on  the  evolution  of  chlorine.  If  a  solution  of  chlori- 
nated lime  be  boiled,  it  yields  chlorate  and  chloride  of 
calcium. 


3(CaCl2,  Ca(C10)2) 

Chlorinated  lime. 


Ca(C103)o     +  SCaClg 

Calcium  Calcium 
chlorate.  chloride. 


Cblorinated  soda.  —  Prepared  by  passing 
chlorine  into  solution  of  caustic  soda  or  solution  of 
sodium  carbonate. 


2NaH0    +    CL  = 


Caustic  soda. 


or 


Chlorine. 


Na^COg    +  CI, 

Sodium  Chlorine, 
carhonate. 


NaCl,  NaClO    +  H^O 

Chlorinated  soda.  Water. 


=    NaCl,  NaClO    +  CO.^ 

Chlorinated  soda.  Carbon 
dioxide. 


Properties.— The  properties  of  chlorinated  soda 
are  similar  to  those  of  chlorinated  lime.  Acids  liberate 
chlorine  from  it ;  boiling  its  solution  converts  it  into 
chlorate  and  chloride  of  sodium. 

Chlorinated  potash.  —  Prepared  by  passing 
chlorine  into  solution  of  caustic  potash,  or  into  solution 
of  potassium  carbonate, 
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2KH0    +    Clo  = 


Caustic 
potash. 


or 


Potassium 
carbonate. 


Chlorine. 


K.,CO,    +  CI, 


Chlorine. 


KCl,  KCIO    +  Hp 

Chlorinated  Water, 
potash. 


KCl,  KCIO    +  CO2 

Chlorinated  Carbon 
potash.  dioxide. 


Properties.  —  Similar  to  those  of  chlorinated 
lime.  By  boiling  its  solution,  potassium  chlorate  and 
chloride  are  obtained ;  this  constitutes  the  manu- 
facturing process  for  the  prepai-ation  of  potassium 
chlorate. 

3(KC1,  KCIO)    =    KCIO3    +  5KC1 

Chlorinated  potash.  Potassium  Potassium 

chlorate.  chloride. 


CHLOROUS  ACID. 

Formula,  HClOj. 

ITIo«1e  of  preparation. — Obtained  in  an  impure 
state  by  the  action  of  chlorous  anhydride  on  water. 

CI2O3    +    H2O    =  2HCIO2 

Chlorous  Water.  Chlorous" 

anhydride.  .  acid. 

CHLORIC  ACID. 

Formula,  HClOg. 

Mode  of  preparation.  — Chloric  acid  is  most 
readily  prepared  by  adding  sulphuric  acid  to  a  solution 
of  barium  chlorate,  allowing  the  precipitated  barium 
sulphate  to  subside,  and  then  pouring  off  the  clear 
liquid. 

Ba(C103)o    +    HgSO,    =    2HCIO3    +  BaSO^ 

Barium  "  Sulphuric  Chloric  Banum 

[chlorate.  acid.  acid.  sulphate. 
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Properties. — Chloric  acid  is  a  most  powerful 
oxidising  ageut.  Its  salts  are  the  chlorates,  of  which 
the  most  important  is  potassium  chlorate.  No 
chlorates  exist  in  nature,  they  therefore  have  to  be 
made  artificially,  and,  as  previously  mentioned,  they 
are  readily  obtained  by  boiling  solutions  of  the  chlori- 
nated bodies. 

Potassium  chlorate  (KCIO3). — Prepared  by 
boiling  a  solution  of  chlorinated  potash  (see  page  144), 
or  by  passing  chlorine  into  a  heated  solution  of  caustic 
potash,  in  which  case  the  chlorinated  potash  is  first 
foiTOed,  and  is  then  immediately  decomposed  by  the 
heat  into  potassium  chlorate  and  chloride.  On  con- 
centrating the  solution  by  evaporation,  and  then 
allowing  it  to  cool,  the  potassium  chlorate  crystallises 
out,  leaving  the  more  soluble  potassium  chloride  in 
solution. 

PERCHLORIC  ACID. 

Formula,  HCIO.^ 

Mode  of  preparation. — If  potassium  chlorate 
be  strongly  heated  it  evolves  all  its  oxygen,  leaving 
potassium  chloride  ;  but  if  it  be  heated  until  it  just 
melts,  and  then  kept  for  a  short  time  at  that  tempera- 
ture, only  one-third  of  the  oxygen  is  evolved,  and  a 
mixture  of  potassium  perchlorate  and  chloride  is  left. 

2KCIO3    =    KCIO4    +    KCl    +  O, 

PotassiuH)  Potassium         Potassi\im  Oxygen, 

chlorate.  perchlorate.  chloride. 

From  this  mixture  the  potassium  chloride  can  be 
removed  by  virtue  of  its  gi-eater  solubility  in  water, 
and  the  perchlorate  obtained  pure. 

By  heating  potassium  perchlorate  with  sulphuric 
acid,  perchloric  acid  distils  over. 
K— 32 
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2KC10,    +    H.SO,,    =  K,SO 


Potasshim 
Perclilorate 


Sulphuric 
acid. 


4    +  2HCI0^ 

Potassium  Perchloric 
sulphate.  acid 


Properties.  —  Perchloric  acid  is  a  colourless 
fuming  liquid,  and  is  a  very   powerful  oxidisiua 


agent, 
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CHAPTER  VIII. 

BROMINE,     IODINE.  FLUORINE, 

Bromine — Preparation  and  Properties  of  Bromine — Tests  for 
Bromine — Hych'obromic  Acid — Hypobromous  Acid — Sodium 
Hypobromite — Iodine — Preparation  and  Properties  of  Iodine — 
Tests  for  Iodine — Hydiiodic  Acid — Iodic  Acid — Chlorides  of 
Iodine — Iodide  of  Nitrogen— Fluorine— Hydrofluoric  Acid. 

BROMINE. 

Symbol,  Br  ;  formula,  Brg ;  monad  ;  atomic 
weight,  80;  molecular  weight,  160. 

Bromine  does  not  occur  in  nature  in  the  free  state, 
but  in  tlie  form  of  metallic  bromides.  The  bromides 
of  sodium  and  magnesium  are  present  in  small  quan- 
tities in  many  mineral  springs,  and  in  sea-water ; 
bromide  of  potassium  is  also  present  in  the  Stassfurt 
salts,  which  occur  as  deposits  on  a  large  scale  in 
Northern  Germany. 

Mode  of  preparation. — Bromine  may  be  pre- 
pared from  the  mother  liquors  of  mineral  spring 
waters,  or  from  bittern,  the  mother  liquor  of  concen- 
trated sea-water  (from  which  most  of  the  chlorides 
have  crystallised  out),  or  from  Stassfurt  salts.  The 
bromine  is  set  free  by  distilling  the  mother  liquors  or 
the  Stassfurt  salts  with  sulphuric  acid  and  manganese 
dioxide,  using  only  sufficient  of  these  two  bodies  to 
liberate  the  bromine,  otherwise  the  chlorine  would 
also  be  liberated  from  the  chlorides  that  are  always 
present,  and  would  contaminate  the  bromine  by  form- 
ing with  it  a  chloride  of  bromine.  The  liberation  of 
the  bromine,  by  the  manganese  dioxide  and  sulphuric 
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acid,  takes  place  in  a  similai'  manner  to  the  liberation 
of  chlorine  by  the  same  reagents. 

2NaBr    +    MnOa    +    2H3SO^    =    Brj  + 

Sodium  Manganese  Sulphuric  Bromine, 

bromide.  dioxide.  acid. 

Na2S0.i    +    MnSO^    +  2H2O 

Sodium  Manganese  Water, 

sulphate.  sulphate. 

The  bromine  passes  over  as  a  heavy  reddish-brown 
vapour,  which  is  condensed  to  a  liquid  by  means  of  a 
suitable  condenser  and  cool  receiver.  The  bromine 
so  obtained  generally  contains  small  quantities  of 
clilorine,  present  as  chloride  of  bromine,  from  which  it 
can  be  purified  by  redistilling  with  some  potassium 
bromide,  thus  : 

BrClg    +    3KBr    =    3KC1    +  2Br3 

Bromine  Potassium         Potassium  Bromine, 

chloride.  bromide.  chloride. 

Properties. — Bromine  is  a  heavy  liquid  (bromine 
and  mercury  are  the  only  liquid  elements,  at  ordinary 
temperatures)  of  a  dark  red-brown  colour,  and  of 
specific  gravity  3'18.  It  is  very  volatile,  forming  a 
reddish-bi'own  vapour  possessing  a  disagreeable  odour, 
somewhat  resembling  that  of  chlorine,  but  much  more 
intense ;  this  vapour  is  poisonous,  and  is  extremely 
irritating  to  the  mucous  membranes  of  the  eye,  nose, 
and  i-espiratory  passages ;  the  name  of  the  element  is 
derived  from  /3pw/xoc,  a  stink,  on  account  of  its  ex- 
tremely disagreeable  smell.  It  is  soluble  to  a  certain 
extent  in  water,  bromine-water  being  of  a  reddish- 
brown  colour.  Its  chemical  affinities  are  weaker  than 
those  of  chlorine,  which  can  be  demonstrated  by  add- 
ing a  few  drops  of  chlorine-water  to  a  solution  of 
potassium  bromide,  when  the  development  of  a  reddish- 
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brown  colour  in  the  solution  indicates  the  liberation 
of  the  bromine,  thus  : 

2KBr    +    Clo    =    2KC1    +  Brg 

Potassium        Chlorhie.        Potassium  Bromine, 
bromide.  chloride. 

Tests. — In  the  pure  state,  bromine  is  readily 
recognised  by  its  colour  and  smell ;  in  the  diluted 
state,  such  as  in  weak  bromine-water,  it  may  be 
recognised  (a)  by  its  colour  becoming  intensified 
by  the  addition  of  some  decoction  of  starch  ;  (6)  by 
giving  a  white  precipitate  on  the  addition  of  an 
aqueous  solution  of  carbolic  acid. 

HYDROBROMIC  ACID   OR  HYDROGEN 
BROMIDE. 

Formula,  HBr  ;  molecular  weight,  81. 

Hydrobromic  acid,  like  hydi'ochloric  acid,  is  a 
colourless  gas,  fuming  when  brought  in  contact  with 
the  air,  and  very  soluble  in  water ;  its  solution  form- 
ing the  commercial  hydrobromic  acid. 

Modes  of  preparation. —  (i)  Hydrobromic 
acid  is  obtained  by  the  action  of  tribromide  of  phos- 
phorus on  water,  phosphorous  and  hydrobromic  acids 
resulting,  the  latter  passing  over  on  the  application  of 
heat. 

PBrg    +    mp    =    H3PO3    +  3HBr 

Phosphorus  Water.  Phosphorous  Hydrobromic 

tribromide.  acid.  acid. 

(ii)  Hydrobromic  acid  is  very  easily  prepared  by 
shaking  together  strong  solutions  of  potassium  bromide 
and  tartaric  acid,  the  mixture  is  then  allowed  to  stand 
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for  some  time  to  enable  the  precipitated  acid  tfirtrate 
of  potassium  to  subside,  and  the  clear  solution  of 
hydrobromic  acid  can  then  be  poured  off  from  the 
precipitate. 

KBr    +    HaC^HPfj   =   HBr    +  KHC^H^Og 

Potassium         Tartaric  acid.       Hydrobromic  Potassium 
bromide.  acid.  acid  tartrate. 

(iii)  Hydrobromic  acid  is  obtained  by  distilling 
potassium  bromide  with  phosphoric  acid,  phosphate  of 
potassium  being  foi'med,  and  hydrobromic  acid  passing 
ovor. 

(iv)  By  passing  sulphuretted  hydrogen  through 
bromine-water,  hydrobromic  acid  is  formed  and  sul- 
phur pi'ecipitated. 

2Br2    +    2H3S    =    4HBr    +  So 

Bromine.       Sulphuretted     Hydrobromic  Sulphur, 
hydrogen.  acid. 

(v)  Hydrogen  and  bromine  may  be  made  to 
unite  by  heat. 

Ho    +     Brg    =  2HBr 

Hydrogen.      Bromine.  Hydrobromic 

acid. 

Tests. — (i)  On  the  addition  of  a  few  drops  of 
chlorine-water  to  a  solution  of  hydrobromic  acid  or  a 
bi'omide,  bromine  is  liberated,  a  yellowish-red  colour 
being  communicated  to  the  solution  ;  on  the  addition 
of  some  decoction  of  starch  this  colour  is  deepened 
to  an  orange- red. 

(ii)  On  the  addition  of  nitrate  of  silver  to  a 
solution  of  hydrobromic  acid  or  a  bromide,  a  yellowish- 
white  precipitate  is  formed,  insoluble  in  nitric  acid,  and 
but  sparingly  soluble  in  ammonia. 
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OXYACIDS  OF  BROMINE. 

There  are  Wo  of  these  acids,  viz.  : — 

HBrO  Hypobromous  acid. 
HBrOg  Biomic  „ 

HYPOBROMOUS  ACID. 

Fminvla,  HBrO. 

Prepaved  by  shaking  bromine-water  with  the 
yellow  precipitated  mercuric  oxide. 

2HgO  +  2Bv,  +  Hp  =  HgoOBr,  +  2HBrO 

Merciiric      Bromine.       Water.  Mercuric "  Hypobromous 

oxybromide.  acid. 

Sodium  hypobromite  (NaBrO)  is  employed  in  the 
estimation  of  urea  in  urine.  It  decomposes  the  urea, 
oxidising  the  carbon  and  hydrogen  to  carbon  dioxide 
and  water,  and  setting  free  the  nitrogen,  thus  : 

CH^NgO    +    3NaBrO    =    3NaBr    +    CO..  + 

Urea.  Sodium  Sodium  Cai-bon 

hypobiomite.  bromide.  dioxide. 

2H,0  + 

Water.  Nitrogen. 

The  nitrogen  can  then  be  collected  and  measured 
(the  process  is  described  fully  on  page  458). 

BROMIC  ACID. 
Formula,  HBrO.,. 
Prepared  by  passing  chlorine  into  bromine-water. 
Br,   +   6H2O   +   .5C1.,  =  2HBrO,   +  lOHCl 

Bromme.        Water.         CUoriSe.  Bromic  '  Hydrochloric 

acid.  acid. 
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IODINE. 

Symbol,  I;  formula,  Ig  ;  monad ;  atomic  weight,  127  ; 
molecular  weight,  254. 

Iodine  does  not  occur  in  nature  in  the  free  state. 
The  iodides  of  sodium  and  magnesium  are  present  in 
small  quantities  in  certain  mineral  spring  waters,  and 
in  still  smaller  quantities  in  sea- water.  The  amount 
of  iodides  (mainly  sodium  iodide)  present  in  sea^water 
is  so  minute  as  to  make  it  impracticable  to  extract  the 
iodine  from  sea-water,  but  sea-weeds  possess  the  pro- 
perty of  absorbing  the  iodides  into  their  tissues  in 
considerable  quantities,  and  it  is  from  sea-weeds  that 
iodine  is  extracted.  The  sea-weeds  (Scottish  and  Irish 
sea-weeds  being  especially  rich  in  iodine)  are  collected, 
dried,  and  burnt,  when  an  ash  named  kelj)  is  obtained, 
and  it  is  from  this  kelp  that  iodine  is  prepared.  The 
bulk  of  kelp,  or  sea- weed  ash,  consists  of  sodium  car- 
bonate, together  with  sodium  chloride,  sodium  sul- 
phate and  sodium  sulphide,  and  small  quantities  of 
sodium  and  magnesium  iodides. 

Mode  of  preparation  of  iodine  from  kelp. 
— (i)  The  kelp  is  treated  with  boiling  water,  and  the 
solution  poured  off  from  insoluble  matter  ;  (ii)  to  the 
solution  sulphuric  acid  is  added,  when  carbon  dioxide 
and  sulphuretted  hydrogen  gases  are  evolved,  sulphur 
is  thrown  down,  and  after  standing  for  twenty-four 
hours  a  large  quantity  of  sodium  sulphate  crystallises 
out ;  (iii)  the  mother  liquor  from  the  sodium  sulphate 
cry.stals  is  then  poured  off,  and  contains  in  solution 
the  iodides  with  some  sodium  chloride  and  free  sul- 
phuric acid  ;  to  it  manganese  dioxide  is  added,  and 
the  mixture  distilled  at  a  temperature  not  exceeding 
80°  C,  at  which  temperature  the  manganese  dioxide 
and  sulphuric  acid  liberate  the  iodine,  but  not  the 
chlorine,  or  only  in  very  small  quantities. 


Chap.  VIII. ] 


Properties  of  Iodine. 


153 


2NaI    +    MnO,    +    SHoSO^    =    Na.SO.^  + 

Sodium  Mauganese  Siilpliuric  Sodium 

iodide.  dioxide.  acid.  sulphate. 

MnSO^    +    2H2O    +  I3 

Manganese  Water,  Iodine, 

sulptiate. 

The  iodine  passes  over  in  the  form  of  a  ^^olet- 
coloured  vapour,  which  is  made  to  pass  through  a 
series  of  cooled  glass  condensers,  on  the  sides  of 
which  it  condenses  as  a  dark-coloured  solid.  The 
iodine  so  prepared  generally  contains  a  small  quantity 
of  chlorine  in  the  form  of  a  chloride  of  iodine,  from 
which  it  can  be  purified  by  resubliming  it  with  some 
potassium  iodide. 

ICl  +  KI  =  KCl  +  Ig 

Iodine        Potassium      Potaissium  Iodine, 
chloride.  iodide.  chloride. 

Properties. — Iodine  is  a  solid  crystalline  sub- 
stance, possessing  a  dark  grey  colour,  a  metallic 
lustre,  and  a  peculiar  odour  somewhat  resembling  that 
of  diluted  chlorine.  When  heated  it  volatilises,  pro- 
ducing a  violet-coloured  vapour  (hence  its  name,  from 
iwSijCi  violet-coloured),  which  is  very  irritating  to  the 
mucous  membrane  of  the  eyes  and  nose.  Iodine 
possesses  a  strong  unpleasant  taste,  it  stains  the  skin 
yellow,  and  is  poisonous.  It  is  slightly  soluble  in 
water,  to  which  it  imparts  a  yellowish-brown  colour  \ 
it  is  much  more  soluble  in  a  solution  of  iodide  of 
potassium,  in  alcohol,  ether,  chloroform,  and  bisulphide 
of  carbon. 

Tests. — (i)  A  solution  of  free  iodine  gives  with 
a  cold  decoction  of  stai-ch  a  deep  blue  colour. 

(ii)  If  with  an  aqueous  solution  of  iodine  some 
chloroform  or  bisulphide  of  carbon  be  well  agitated, 
and  the  mixture  allowed  to  stand,  the  chloroform  or 
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bisulphide  of  carbon  will  settle  to  the  bottom  of  the 
tube,  carrying  the  iodine  in  solution,  a  pink  or  purple 
colour  being  imparted  to  the  chloroform  or  bisulphide 
of  carbon  by  the  dissolved  iodine. 

HYDRIODIC   ACID   OR  HYDROGEN 
IODIDE. 

Formula,  HI ;  molecular  loeight,  128. 

Hydriodic  acid,  like  hydrochloric  and  hydrobromic 
acids,  is  a  colourless  gas,  fuming  when  brought  in 
contact  with  the  air,  and  very  soluble  in  water,  its 
solution  forming  the  ordinary  hydriodic  acid. 

Hydriodic  acid  can  be  prepared  by  union  of  its 
elements,  but  only  with  great  difficulty.  By  dis- 
tilling potassium  iodide  with  strong  sulphuric  acid, 
hydriodic  acid  is  obtained,  but  in  a  very  impure  state, 
on  account  of  a  quantity  of  iodine  being  set  free  at 
the  same  time  by  the  sulphuric  acid.  The  following 
are  therefore  the  best  methods  of  preparing  hydriodic 
acid. 

Modes  of  preparation. — (1)  By  the  action 
of  phosphorus  tri-iodide  on  water,  when  phosphorous 
and  hydriodic  acids  are  obtained,  the  latter  passing 
over  on  the  application  of  heat. 

PI3    -f    3HoO    =    H3PO3    +  SHI 

Phosphoras         Water.  Pliosphorous  Hydriodic 

tri-iodide.  acid.  acid. 

(ii)  By  shaking  together  strong  solutions  of 
potassium  iodide  and  tartaric  acid,  allowing  the  mix- 
ture to  stand  for  some  time  to  allow  the  precipitated 
acid  tartrate  of  potassium  to  subside,  and  then  pouring 
off  the  solution  of  hydriodic  acid. 
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KI    +    HoC^HPc    =    HI    +  KHC^H^Oa 

Potassium  Tartiiric  acid.  Hydriodic  Potassium  acid 

iodide.  acid.  tartrate. 

(iii)  By  distilling  potassium  iodide  with  phos- 
phoric acid,  when  phosphate  of  potassium  is  formed, 
and  the  hydriodic  acid  passes  over. 

(iv)  By  passing  sulphuretted  hydrogen  through 
iodine-water,  or  through  water  in  which  iodine  is 
suspended,  when  the  hydrogen  of  the  sulphuretted 
hydrogen  unites  with  the  iodine  to  form  hydriodic 
acid,  and  sulphur  is  precipitated. 

2H2S    =     4HI    +  So 

Iodine.       Sulphuretted      Hydriodic  Sulphur, 
hydrogen.  acid. 

Properties. — Both  chlorine  and  bromine  have 
stronger  affinities  for  hydrogen  and  for  the  metals 
than  iodine  has,  therefore  both  chlorine  and  bromine 
possess  the  property  of  liberating  iodine  from  hydriodic 
acid  or  from  an  iodide,  thus  : 

2HI    -f-    CI,    =    2HC1    +  I3 

Hydriodic       Chlorine.      Hydrochloric  Iodine, 
acid.  acid, 

2HI    -f    Br2    =    2HBr    +  I, 

Hydnodic       Bromine.       Hydrobromio  lodfne. 
acid.  acid. 

Hydriodic  acid  on  exposure  to  light  becomes 
coloured  from  liberation  of  iodine. 

Tests. — (i)  On  the  addition  of  a  few  drops  of 
chlorine-water  to  a  solution  of  hydriodic  acid  or  of 
an  iodide,  a  yellowish-brown  colour  is  produced,  due 
to  the  liberation  of  iodine  ;  if  some  decoction  of  starch 
be  added  to  this,  a  deep  blue  colour  will  be  produced. 
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(ii)  On  the  addition  of  nitrate  of  silver  to  a 
solution  of  hydriodic  acid  or  of  an  iodide,  a  yellowish 
precipitate  is  formed,  insoluble  in  nitric  acid,  and  but 
sparingly  soluble  in  ammonia. 

IODIC  ACID. 

Formula,  HIO.^. 

Iodic  acid  is  a  white  crystalline  substance,  and  is 
prepared  (i)  by  the  action  of  strong  nitric  acid  on 
iodine,  (ii)  })y  passing  chlorine  into  iodine-water. 

To   +   GHjO    +    5C1,   =    2HIO3   +  lOHCl 

Iodine.         Water.  Chloriue.         Iodic  acid.  Hydrocliloric 

acid. 

CHLORIDES  OF  IODINE. 

There  are  two  compounds  of  iodine  and  chlorine, 
viz.  ICl,  a  liquid,  and  ICl.,,  a  solid.  They  are  both 
olitained  by  direct  union  of  the  elements. 

IODIDE  OF  NITROGEN. 

Formula,  NI3. 

This  is  obtained  by  mixing  a  strong  alcoholic 
solution  of  iodine  (such  as  tincture  of  iodine)  with  an 
aqueous  solution  of  ammonia,  thus  : 

4NH3    +     3I3    =    NI3    +  3NH^I 

Ammonia  Iodine.         Nitrogen  Ammonium 

iodide.  iodide. 

Properties.  —  Iodide  of  nitrogen  is  a  dark- 
coloured  powder,  which  when  dried  explodes  violently 
with  the  slightest  touch,  decomposing  into  its  elements. 
The  importance  to  medical  men  of  bearing  in  mind 
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its  existence  lies  in  the  fact  that  free  iodine  and 
ammonia  are  incompatibles,  and  should  not  therefore 
be  prescribed  together  in  a  liniment. 

FLUORINE. 

Symbol,  F;  formula,  Fgj  monad;  atomic  weight,  19  : 
molecular  weight,  38. 

Fluorine  occurs  in  nature  as  jiuor-spar  or  calcium 
fluoride  (CaPo),  and  as  cryolite,  a  double  fluoride  of 
aluminium  and  sodium  (Al^Fg,  GNaF)  found  in  Green- 
land. The  fluorides  of  calcium  and  sodium  are  also 
present  in  minute  quantities  in  the  blood,  bones,  and 
teeth  of  human  beings  and  animals. 

Fluorine  has  not  been  isolated,  not  on  account  of 
any  difliculty  in  liberating  the  element  from  its  com- 
pounds', but  on  account  of  its  j^owerful  affinity,  when 
liberated,  for  all  bodies  except  oxygen.  Thus,  it  cannot 
be  prepared  in  glass  vessels  on  account  of  its  imme- 
diately attacking  the  silica  of  the  glass,  and  with  all 
metals  it  immediately  unites.  -An  attempt  has  been 
made  to  prepare  it  by  decomposing  fluoride  of  silver 
(AgF)  with  chlorine,  in  a  vessel  made  of  fluor-spar 
(CaFo),  a  body  already  fully  saturated  with  fluorine, 
and  in  this  way  a  heavy  yellow  gas  was  obtained ;  but 
it  probably  was  a  compound  of  fluorine  and  chlorine. 

HYDROFLUORIC  ACID  OR  HYDROGEN 
FLUORIDE. 

Formula,  HF. 

Also  known  as  fluoric  acid.  Like  hydrochloric, 
hydrobromic,  and  hydriodic  acids,  hydrofluoric  acid  is 
a  colourless  gas,  fuming  on  contact  with  the  air,  and 
very  soluble  in  water ;  its  solution  constituting  the 
commercial  hydrofluoric  or  fluoric  acid. 
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Mode  of  preparation. — Hydrofluoric  acid  is 
obtained  by  the  action  of  strong  sulphuric  acid  on 
powdered  fluor-spar,  tlius  : 


CaF,    +  HaSO^ 

Calcium  Sulphuric 
fluoride.  acid. 


=    2HF    +  CaSO^ 

Hydrofluoric  Calcium 
acid.  sulphate. 


It  has  to  be  prepared  in  leaden  or  platinum 
vessels,  as  it  readily  attacks  glass ;  on  conducting  the 
gas  into  water,  the  commercial  solution  of  hydrofluoric 
acid  is  obtained. 

Properties. — The  most  important  property  of 
this  acid  is  its  power  of  etching  glass,  which  is  due  to 
its  attacking  the  silica  of  glass,  forming  with  it  a 
gaseous  silicon  fluoride,  thus  : 

SiOg    +    4HF    =    SiF^    +  2H3O 

Silica.         Hydrofluoric         Silicon  Water, 
acid.  fluoride. 

If  a  design  is  to  be  etched  on  glass,  the  surface  of 
the  glass  is  first  covered  with  wax,  and  some  of  the 
wax  is  then  scraped  away  in  the  shape  of  the  desired 
design ;  the  surface  is  then-  exposed  for  a  few  minutes 
either  to  the  fumes  of  hydrofluoric  acid  (evolved  from 
fluor-spar  and  sulphuric  acid),  or  the  solution "  of 
hydrofluoric  acid  is  poured  over  the  surface;  on 
washing  the  surface  with  a  stream  of  water,  and  then 
scraping  or  melting  off"  the  wax,  the  design  will  be 
found  to  be  etched  on  the  glass.  On  account  of  its 
power  of  attacking  glass,  the  solution  of  hydrofluoric 
acid  is  kept  in  bottles  made  of  gutta-percha,  provided 
with  a  stopper  of  the  same  material. 

Test. — The  test  for  hydrofluoric  acid  is  to  expose 
to  it  a  piece  of  waxed  glass,  on  which  some  simple 
design  has  been  scratched,  when  the  design  will  be 
found  to  be  etched  on  the  glass. 
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CHAPTER  IX. 

CARBON.     SILICON.  BORON. 

Carbon — AUotropic  forms  of  Carbon— Properties  of  Carbon — Car- 
bon Monoxide — Preparation  and  Properties  of  Carbon  Mon- 
oxide— Carbon  Dioxide — Preparation  and  Properties  of  Carbon 
Dioxides— Carbon  Oxychloride— Carbon  Bisulphide— Silicon, 
Silica,  Silicates,  Glass,  Porcelain,  and  Eai-tbenware— Boron — 
Boric  Acid — Metaboric  Acid — Borax. 

CARBON. 

Symbol,  G;  formula,  Cg ;  tetrad;  atomic  weight,  12; 
molecular  weight,  24. 

Carbon  occurs  in  nature  in  the  free  state  in  the 
diamond,  graphite,  plumbago,  coal,  etc.  In  the  com- 
bined state  it  enters  into  the  composition  of  an 
immense  number  of  bodies,  for  the  number  of  carbon 
compounds  (both  natural  and  artificial)  far  exceeds 
those  of  any  other  element  j  it  occurs  in  all  organic 
substances,  whether  of  animal  or  vegetable  origin,  and 
in  all  carbonates,  such  as  marble,  limestone,  clialk, 
magnesite,  etc. 

Cai'bon  exists  in  three  allotropic  forms,  of  which 
two  are  crystalline,  viz.  diamond  and  graphite,  and 
one  amorphous,  viz.  cliarcoal  in  its  different  forms. 
The  term  allotropic  (from  aWoc,  another  j  rpowog, 
condition)  is  applied  to  substances  that  are  similar  in 
composition  and  constitution,  but  that  differ  in  their 
properties. 

The   allotropic   forms    of  carbon.  —  (1) 

Diamond. — This  is  the  i-arest  form  of  free  carbon, 
and  occurs  in  nature  in^octohedral  crystals  belonging 
to  the  regular  system ;  it  consists  of  nearly  pure 
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carbon,  but  when  a  diamond  is  burnt  in  oxygen,  a 
minute  amount  of  ash  is  left,  consisting  of  silica, 
alumina,  and  sometimes  oxide  of  iron.  It  is  the 
hardest  body  known,  and  is  on  that  account  employed 
for  cutting  glass  ;  its  lustre  is  due  to  its  high  power 
of  refracting  light. 

(2)  Graphite,  lilumhago,  or  hlacklead. — This  is 
the  second  crystalline  form  of  carbon,  and  crystallises 
in  six-sided  plates.  It  is  a  dark-grey  crystalline  sub- 
stance, soft  and  greasy  to  the  touch,  and  when  drawn 
across  paper  leaves  a  mark.  It  is  employed  in  black- 
lead  pencils,  in  plumbago  crucibles  (made  of  plumbago 
mixed  with  clay),  for  blacking  iron  grates,  and  as  a 
di-y  lubricant  for  machinery. 

(3)  Amorphous  carbon. — This  occurs  in  various 
forms. 

(a)  Wood  charcoal  is  prepared  by  heating  or 
charring  wood  out  of  contact  with  air.  This  form  of 
amorphous  carbon  is  used  in  the  manufacture  of  gun- 
powder. It  is  extremely  porous,  possessing  the  power 
of  absorbing  gases,  and  hence  is  used  as  a  deodoriser. 

(b)  Animal  charcoal  is  obtained  by  roasting  bones 
out  of  contact  with  air.  This  form  of  amorphous 
cai'bon  is  sold  commercially  under  the  names  of  bone- 
black,  animal-black,  and  ivory -black  ;  it  contains  the 
inorganic  constituents  of  the  bones,  viz.  phosphate 
and  carbonate  of  lime,  from  which,  however,  it  may 
be  freed  by  digesting  with  hydrochloric  acid,  which 
dissolves  these  lime  salts,  so  that  on  filtering,  and 
washing  the  charcoal  with  water,  it  is  obtained  pure. 
Animal  charcoal  possesses  in  a  very  high  degree  the 
power  of  absorbing  colouring  matters,  and  hence  is 
very  useful  as  a  decolourising  agent.  In  the  prepara- 
tion of  several  of  the  alkaloids,  the  colouring  matter 
is  removed  by  boiling  the  alkaloidal  solution  with 
animal  charcoal. 

(c)  Amorphous  carbon  is  the  chief  constituent  of 
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coal.  Coal  has  been  produced  by  the  slow  decay  of 
vegetable  matter  out  of  contact  with  air,  possibly 
combined  with  elevation  of  temperature  and  con- 
siderable pressure.  Coal  contains  a  fair  proportion  of 
hydrogen,  and  when  deprived  of  this  hydrogen  by 
strongly  heating  out  of  contact  with  air,  coke  is 
produced,  so  that  coke  may  be  regarded  as  coal 
deprived  of  its  hydrogen, 

(c?)  Teat,  another  form  of  fuel,  but  iaferior  to  coal, 
contains  a  quantity  of  amorphous  carbon  ;  it  is  pro- 
duced in  marshy  localities  by  the  gradual  decay  of 
grasses,  mosses,  etc. 

(e)  Tinder  is  another  variety  of  amorphous  carbon. 

(/)  Soot  and  lampblack  are  two  varieties  of  amor- 
plious  carbon  in  a  fine  state  of  division. 

Properties  of  carbon. — In  all  three  of  its 
forms  carbon  is  infusible  at  all  temperatures,  but  it 
volatilises  at  the  high  temperature  of  the  electric  arc. 
It  is  insoluble  in  all  ordinary  solvents,  but  molten 
iron  at  the  temperature  of  the  blastfurnace  dissolves 
from  4  to  5  per  cent,  of  carbon ;  as  the  iron  cools  part 
of  the  carbon  ciystallises  out  as  small  crystals  of 
graphite,  and  part  remains  in  union  with  the  iron  as 
carbide  of  iron  (see  page  261).  Carbon  when  heated  to 
redness  has  a  powerful  affinity  for  oxygen,  either  in 
the  free  state  as  in  air,  or  in  the  combined  state ;  it  is 
therefore  largely  employed  as  a  reducing  agent  in 
depriving  several  of  the  metallic  oxides  of  their 
oxygen,  and  so  reducing  them  to  the  metallic  state. 
If  carbon  be  burnt  in  a  free  supply  of  air  it  produces 
carbon  dioxide  (COg),  but  if  burnt  in  a  limited  supply 
of  air  it  produces  mainly  carbon  monoxide  (CO). 

Carbon  produces  with  hydrogen  a  large  number  of 
compounds  known  as  hydrocarbons,  some  of  which 
will  be  described  later,  but  only  one  such  com- 
pound is  obtained  by  direct  union  of  carbon  and 
hydrogen,  viz.  acetylene  (CoHg),  and  then  only  at  the 
L— 32 
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extremely  high  temperature  of  the  electric  arc ;  if  the 
electric  arc  is  produced  between  carbon  poles  in  an 
atmosphere  of  hydrogen,  then  the  two  elements  unite 
to  form  acetylene,  thus  : 

Co     +  =  CoHo 

Carbon.      Hydrogen.  Acetylene. 

Test. — Any  form  of  carbon  (including  the  dia- 
mond) wlien  burnt  in  oxygen  produces  carbon  dioxide, 
which  can  be  recognised  by  its  turning  lime-water 
turbid. 

CARBON  MONOXIDE. 
Formula,  CO  ;  molecular  weight,  28. 

Also  known  as  carbonic  oxide. 

Modes  of  preparation. — (i)  By  passing  car- 
bon dioxide  through  a  tube  containing  pieces  of  red-hot 
charcoal. 

2CO2    +    Co    =  4C0 

Carbon  Carbon,  Carbon 

dioxide.  monoxide. 

The  l)lue  flames  seen  at  the  top  of  a  well-drawing 
clear  Are  consist  of  burning  carbon  monoxide,  which 
has  been  produced  by  the  carbon  dioxide,  formed  at 
the  lower  part  of  the  tire,  having  to  pass  over  the  red- 
hot  coal  on  its  upward  way  to  the  chimney. 

(ii)  Carbon  monoxide  is  very  easily  prepared  by 
heating  potassium  ferrocyanide  with  strong  sulphuric 
acid. 

K^Fe(CN)6   +    6HoSO^   +    QHp   =  2KS0^  + 

Potassium  Sulphuric  Water.  Potassium 

feiToeyauide.  acid.  sulphate. 


FeSO^    +    3(NHJ2S0^    +  6C0 

rerrous  Ammonium  Carbon 

sulphate.  sulphate.  monoxide. 


Chap.  IX.]  Carbon  Monoxide. 


163 


(iii)  Carbou  monoxide  is  also  readily  prepared  by 
heating  formic  acid  (HCHOo)  or  sodium  formate 
(NaCHO.,)  with  strong  sulphuric  acid.  The  action  of 
the  sulphuric  acid  is  simply  to  abstract  water  from 
the  formic  acid,  when  carbon  monoxide  is  evolved, 
thus : 

HCHO^    =    HoO    +  CO 

Formic  Water.  Carbou 

acid.  monoxide. 

(iv)  If  oxalic  acid  (HoCoO^)  be  heated,  either 
alone  or  with  sulphuric  acid,  it  decomposes  into 
water  and  the  two  oxides  of  carbon,  thus  : 

HaaO^    =    H2O    +    CO    +  CO2 

Oxaiic*acid  Water.  Carbon  Carbon 

monoxide.  dioxide. 

By  passing  the  two  gases  through  a  strong  solution 
of  caustic  potash,  the  carbon  dioxide  is  absorbed  (form- 
ing potas.siura  carbonate),  and  the  carbon  monoxide 
can  then  be  collected  in  the  pure  state. 

(v)  When  charcoal  or  carbonaceous  substances 
are  burnt  with  an  insufficient  supply  of  air,  carbon 
monoxide  is  formed. 

Pi'opci'ties. — The  specific  gravity  of  carbon  mon- 
oxide is  14,  and  it  is  slightly  lighter  than  air;  it  is  a 
colourless,  odourless,  and  tasteless  gas  ;  it  is  com- 
bustible, burning  with  a  pale  blue  flame,  and  forming 
carbon  dioxide ;  it  is  a  non-supporter  of  combustion  ; 
it  is  insoluble  in  water,  and  therefore  may  be  col- 
lected over  it.  It  is  a  poisonous  gas,  as  it  possesses 
the  property  of  displacing  the  oxygen  from  its  union 
with  the  haemoglobin  of  the  blood,  forming  a  com- 
pound witii  the  hamioglobiu  that  acts  as  a  narcotic 
poison  ;  inhaling  the  fumes  of  burning  charcoal,  placed 
in  the  centre  of  a  closed  and  non-ventilated  room  (a 
not  uncommon  method  of   committing   suicide  in 
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France),  causes  death  from  carbonic  oxide  poisoning. 
Carbon  monoxide  in  contact  with  caustic  potash  at  a 
high  temperature  forms  potassium  formate,  thus  : 

KHO    +    CO    =  KCHO2 

Caustic  Carbon  Potassium 

potash  monoxide.  formate.  J 

Test.— Carbon  monoxide  gives  no  precipitate  with 
lime-water,  but  on  applying  a  light  it  burns  vnth.  a 
pale  blue  flame,  and  the  resulting  gas  (carbon  dioxide) 
then  produces  a  precipitate  with  lime-water. 


CARBON  DIOXIDE. 
Formula,  CO^ ;  molecular  weight,  44. 

Also  known  as  carbonic  anhydride,  carbonic  acid 
gas,  and  choke-damp.  It  is  always  formed  when 
carbon  in  any  form,  or  any  compound  of  carbon,  is 
burnt  with  a  free  supply  of  air.  It  is  one  of  the  gases 
evolved  from  volcanoes,  and  in  certain  instances  from 
fissures  in  the  earth,  as  in  the  Grotto  del  Cane  near 
Naples,  and  in  the  poison  valley  of  Java. 

Modes  of  prcpnrnlion. — (i)  It  is  most  easily 
prepai'ed  by  the  action  of  hydrochloric  acid  on  calcium 
carbonate  in  the  form  of  marble  or  chalk. 


CaCOg   +   2HC1  = 

Calcium  Hydrochloric 
carbonate.  acid. 


CaClg   +   CO2   +  HgO 

Calcium  Carbon  Water, 
chloride.  dioxide. 


It  may  be  collected  in  the  pneumatic  trough  over 
water,  or,  since  it  is  heavier  tlian  air,  it  can  be 
collected  by  downward  displacement  of  air  (Fig.  16). 

Sulphuric  acid  may  be  substituted  for  hydrochloric 
acid,  but  in  this  case  the  insoluble  calcium  sulphate 
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forms  a  coating  over  the  marble  or  chalk,  and  is  apt 
to  stop  the  evolution  of  the  gas. 

CaCO.,  +  =  CaSO^  +   CO.   +  H2O 

Calciiun  Sulphuric  Calcium  Carbon  Water, 

carbonate.  acid.  sulphate.  dioxide. 

(ii)  Carbon  dioxide  is  evolved  by  heating  chalk 


Fig.  16. — Preparation  and  Collection  of  Carbon  Dioxide. 

or  limestone,  as  in  the  preparation  of  lime  in  the 
limekilns. 

CaCOg    =    CaO    +  CO2 

Calcium  Lime.  Carbon 

carbonate.  dioxide. 

(iii)  Carbon  dioxide  is  also  evolved  by  heating 
a  bicarbonate,  such  as  sodium  or  potassium  bicar- 
bonate. 

2NaHC03    =    Na.COg    -f    COg    +  HjO 

Sodium  Sodium  Carbon  Water, 

bicarbonate.  carbonate.  dioxide. 

(iv)  By  burning  carbon  monoxide  in  oxygen  or 
I  in  air,  carbon  dioxide  is  produced. 

2C0     +     02    =  2CO2 

Carbon  Oxygen.  Carbon 

monoxide.  dioxide. 
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Properties.— The  specific  gravity  of  carbon 
dioxide  is  22,  and  it  is  heavier  than  air ;  it  is  a  colour- 
less gas,  possessing  a  peculiar  faint  pungent  odour  in 
quantity,  and  a  faint  acid  taste ;  it  is  not  combustible, 
neither  is  it  a  supporter  of  combustion,  a  lighted  taper 
being  immediately  extinguished  when  lowered  into 
the  gas.  It  can  be  liquefied  by  high  pressure,  and  if 
the  liquid  is  allowed  to  evaporate  in  the  air,  the 
l)ortion  that  evaporates  so  lowers  tlie  temperature  of 
the  remaining  portion  as  to  solidify  it.  It  is  slightly 
soluble  in  Avater,  as  at  ordinary  temperatures  water 
dissolves  its  own  volume  of  the  gas  ;  under  a  pressure 
of  two  atmospheres  water  will  dissolve  twice  its 
volume  of  the  gas,  under  a  pressure  of  three  atmo- 
spheres three  times  its  volume,  under  a  pi-essure  of 
four  atmospheres  four  times  its  volume,  and  so  on. 
So  that  if  a  pint  bottle  of  soda-water  that  has  been 
charged  under  a  pressure  of  four  atmospheres  be 
opened,  three  pints  of  tlic  gas  will  escape  with  efler- 
vescence,  one  pint  remaining  in  solution,  since  there 
is  still  the  ordinary  pressure  of  the  atmosphere  upon 
the  water.  Tlie  solution  of  carbon  dioxide  in  water 
faintly  reddens  blue  litmus  paper,  the  liquid  probably 
containing  true  carbonic  acid  {H3CO3),  thus  : 

CO2    +    HjO    =  HjCO., 

Carbon  Water.  Carbonic 

dioxide.  acid. 

It  is  for  this  reason  that  carbon  dioxide  is  also 
called  carbonic  anhydride  (the  anhydiide  of  carbonic 
acid)  and  carbonic  acid  gas.  Carbon  dioxide  is  not  a 
poison  if  swallowed  into  the  stomachy  as  in  the  form 
of  eflfervescent  Avaters  and  di  inks  it  is  taken  in  con- 
sidei'able  quantities,  but  if  inhaled  in  quantity  it 
produces  death  from  suflx)cation,  not  that  it  unites 
with  the  haemoglobin  of  the  blood,  but  because  it 
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dilutes  down  and  takes  the  place  of  the  necessary 
oxygen  of  the  air.  After  explosions  in  coal-mines,  it 
is  the  carbon  dioxide  or  choke-damp,  produced  by  the 
explosion  of  the  marsh  gas  or  fire-damp  with  the  air, 
that  causes  in  so  many  cases  the  suflbcation  of  the 
miners.  Since  carbon  dioxide  is  evolved,  as  jn'eviously 
mentioned,  from  limekilns,  it  is  not  an  uncommon 
occuri-ence  for  tramps  and  others  sleeping  close  to  a 
limekiln  for  the  sake  of  the  warmth,  to  die  in  their 
sleep,  suffocated  by  this  gas.  If  pure  carbon  dioxide 
is  inhaled,  it  produces  spasm  of  the  glottis  and  con- 
.sequent  death  from  asphyxia,  unless  the  inhalation  of 
the  gas  is  immediately  stopped.  Carbon  dioxide,  as 
previously  explained,  is  largely  used  in  the  so-called 
aerated  waters,  to  give  to  them  their  efTervescent 
character  and  their  pleasant  sharp  taste. 

Carbon  dioxide  if  passed  into  a  solution  of  an 
alkali,  forms  first  a  carbonate,  and  then  afterwards 
converts  the  carbonate  into  a  bicarbonate.  Thus,  with 
caustic  potash  it  first  forms  potassium  carbonate. 

2KH0    +    CO3    =    K2CO3    +  HjO 

Caustic  Carbou  Potassium  Water, 

potash.  dioxide.  carbonate. 

By  its  further  action  it  converts  the  carbonate 
into  the  bicarbonate. 

K2CO3    -f    CO2    -f    HgO    =  2KHCO.5 

Potassium  Carbon  Water.  Potassium 

carbonate.  dioxide,  bicarbonate. 

Carbon  dioxide  passed  into  lime-water  (solution  of 
calcium  hydrate)  first  renders  it  turbid  by  precipitating 
calcium  carbonate. 

Ca(H0)2    +     CO3    =    CaCO,^    -I-  H2O 

Calcmm  ~  Carbou  Calciuni  Water, 

hydrate.  dioxide.  carbonate 
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Bj  its  fui-ther  action  it  converts  the  insoluble 
calcium  carbonate  into  the  soluble  bicarbonate,  and 
so  renders  the  liquid  clear  again. 

CaCOg    +    CO2    +    HgO    =  Ca(HC03)3 

Calcium  Carbon  Water.  Calcium 

carbouate.  dioxide.  bicarbonate. 

Test. — Carbon  dioxide  turns  lime-water  turbid  or 
milky  when  shaken  up  with  it. 

CARBON  OXYCHLORIDE. 
Formula,  COCl.. 

Also  known  as  carhonyl  chloride  and  phosgene  gas 
(so  named  on  account  of  its  being  produced  by  the 
action  of  light). 

This  body  may  be  regarded  either  as  carbon  mon- 
oxide united  with  chlorine,  or  as  carbon  dioxide  from 
which  one  atom  of  oxygen  has  been  displaced  by  two 
atoms  of  chlorine. 

Mode  of  preparation. — It  is  produced  with 
an  explosion  when  equal  volumes  of  carbon  monoxide 
and  chlorine  are  exposed  to  direct  sunlight,  thus  : 

CO    +    Clo    =  COCI2 

Cai-bon        Chlorine.  Carbon 
monoxide.  oxychloride. 

When  the  two  gases  unite,  the  volume  of  the 
mixed  gases  diminishes  to  one-half. 

CO    +    CI2    =  COCI2 

1  molecule  +  1  molecule  =  1  molecule 
.-.   1  volume    +  1  volume  =  1  volume. 
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CARBON  BISULPHIDE  OR  BISULPHIDE. 
Formula^  CSg. 

This  body  may  be  regarded  as  carbon  dioxide  in 
which  the  oxygen  has  been  displaced  by  sulphur,  and 
just  as  carbon  dioxide  is  produced  by  burning  carbon 
in  oxygen,  so  carbon  bisulphide  is  produced  by  burn- 
ing carbon  in  sulphur  vapour. 

Mode  of  preparation. — By  passing  the  vapour 
of  sulphur  over  red-hot  charcoal,  and  then  conveying 
the  vapour  of  the  bisulphide  of  carbon  through  a 
spiral  tube  kept  cool  by  immersion  in  water,  by  which 
means  the  bisulphide  of  carbon  condenses  to  a  liquid. 

Properties. — Bisulphide  of  carbon  is  a  colour- 
less, mobile,  very  volatile  liquid.  When  first  prepared 
it  possesses  a  very  disagreeable  odour,  from  which  it 
can  be  to  a  great  extent  purified  by  shaking  with 
mercuiy  and  corrosive  sublimate,  and  afterwards 
distilling  it.  It  is  heavier  than  water,  and  after 
agitation  with  water  it  sinks  to  the  bottom,  leaving  a 
very  small  quantity  dissolved  in  the  water.  It  is  a 
very  inflammable  liquid,  and  its  vapour  is  also  very 
inflammable,  forming  carbon  dioxide  and  sulphur 
dioxide  when  burnt. 

CS2    -I-    3O2    =    CO..    -f  2SO2 

Carbon  Oxygen  Carbon  Sulpliur 

bisulphide.  dioxide.  dioxide. 

Carbon  bisulphide  is  used  for  many  technical 
;  purposes,  as  it  is  a  remarkable  solvent  of  many  bodies, 
.possessing  the  property  of  dissolving  sulphur,  phos- 
iphorus,  fats,  resins,  and  indiarubber.  It  is  used  to 
i  impregnate  indiarubber  with  sulphur  in  the  manu- 
tfacture  of  vulcanised  rubber,  and  also  to  extract  fat 
ffrom  wool,  and  oils  from  oily  seeds. 
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With  certain  of  the  metallic  sulphides  carbon 
disulphide  will  unite,  forming  sulphocarbonates,  which 
may  be  regarded  as  carbonates  in  which  the  oxygen 
has  been  displaced  by  sulphur,  thus  with  potassium 
sulphide  it  forms  potassium  sulphocarbouate. 

KjS    +    CS2    =  KoCS., 

Potassium         Carbon  Potassium 
aulphide.       disulphide.  sulphocarbouate. 

SILICON. 

Symbol,  Si ;  formula,  Sig  ;  tetrad;  atomic  weight,  28  ; 
molecular  weight,  56. 

Silicon  is  widely  and  abundantly  distributed  in 
nature,  but  not  in  the  free  state.  The  oxide  of  silicon 
(silica)  occurs  both  free  and  in  combination  with 
bases  iis  the  various  natural  silicates,  the  greater  part 
of  the  solid  crust  of  the  earth  being  composed  of 
silicates  and  silica. 

Preparation  of  silicon. — The  clement  silicon 
may  be  obtained  by  heating  the  double  fluoride  of 
l)otassium  and  silicon  (2KF,  SiF^)  with  the  metal 
potassium,  which  abstracts  the  fluorine  from  its  com- 
bination with  the  silicon,  setting  free  that  element. 
Prepared  in  this  way,  silicon  is  obtained  as  a  dark 
brown  amorphous  powder.  It  may,  however,  be 
obtained  in  the  crystalline  condition  by  heating  for 
some  time  the  same  ingredients,  viz.  the  double 
fluoride  of  potassium  and  silicon,  and  the  metal 
potassium,  with  the  metal  zinc ;  on  cooling,  an  ingot 
of  zinc  is  obtained  with  crystals  of  silicon  embedded 
in  it ;  by  treating  this  with  hydrochloric  acid,  the 
zinc  is  dissolved,  Jeaving  prismatic  crystals  of  the 
element  silicon. 
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SILICA. 

Formula,  SiOo. 

Also  known  as  oxide  of  silicon  and  silicic  anhy- 
dride. 

Silica  occurs  in  the  free  state  in  nature  as  rock 
crystal,  quartz,  flint,  sand,  sandstone,  agate,  opal, 
jasper;  and  amethyst.  The  so-called  infusorial  earth, 
or  the  inorganic  remains  of  certain  infusoria,  consists 
essentially  of  amorphous  silica.  Silica  is  also  present 
in  the  stems  of  certain  grasses,  cereals,  and  rushes, 
and  in  the  feathers  of  many  birds. 

SILICIC  ACID. 

There  are  two  varieties  of  silicic  acid,  a  tetrabasic 
acid  (H^SiO.p)  which  enters  into  the  composition  of 
the  natural  silicates,  and  a  dibasic  acid  (HoSiO.J  which 
contains  a  molecule  of  water  less  than  the  tetrabasic 
one,  and  enters  into  the  composition  of  the  artilicial 
silicates  contained  in  the  different  varieties  of 
glass. 

Natural  silicates. — Clay,  or  aluminium  silicate 
(Alj^(SiO^)3),  is  the  most  widely  distributed  of  the 
natural  silicates ;  the  colour  of  common  or  brown 
clay  is  due  to  iron  contained  in  it.  Clay  in  its  purest 
form  occurs  as  kaolin  or  china-clay,  and  is  produced 
from  a  felspar,  a  double  silicate  of  aluminium  and 
potassium,  by  the  action  of  the  cai'bon  dioxide  of  the 
air,  which  unites  with  the  potassium  to  form  potassium 
carbonate,  which  is  washed  away,  leaving  the  silicate 
of  aluminium  in  a  white  state. 

Fehpar  is  a  double  silicate  of  aluminium  and 
potassium  or  sodium.  Felspar  enters  into  the  com- 
position of  granite. 
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Meerschaum  is  a  silicate  of  magnesium  combined 
with  silica. 

French  chalk  is  silicate  of  magnesium. 

Asbestos  is  a  fibrous  silicate  of  calcium  and  mas- 
nesium. 

Pumice-stone,  a  substance  of  volcanic  origin,  is  a 
porous  silicate  of  aluminium  and  the  alkali  or  alkaline- 
earth  metals. 

Olass. — The  different  varieties  of  glass  consist  of 
metallic  compounds  of  the  dibasic  acid  (HoSiO,). 

Croiv7i  glass,  common  unndoio  glass,  bottle  glass, 
or  soda  glass  is  made  by  fusing  together  chalk 
(CaCO.,),  sodium  carbonate  (Na^COg),  and  sand  (SiO.,). 
It  consists  of  the  calcium  and  sodium  silicates  ;  the 
green  colour  of  common  bottle  glass  is  due  to  iron 
derived  from  the  sand,  and  existing  in  the  glass  as 
ferrous  silicate  ;  the  colour  can  be  removed  by  adding 
to  the  melted  glass  a  small  quantity  of  manganese 
dioxide,  which  oxidises  the  green  ferrous  silicate  to 
the  colourless  ferric  silicate. 

Hard  glass  or  potash  glass  contains  potassium  in 
the  place  of  sodium,  and  is  made  by  fusing  together 
chalk,  potassium  carbonate,  and  sand.  It  consists  of 
the  calcium  and  potassium  silicates,  and  requires  a 
much  higher  temperature  to  melt  it  than  does  soda 
glass ;  it  is  therefore  useful  in  the  manufacture  of 
hard  glass- tubing,  and  of  chemical  apparatus  required 
to  stand  a  high  temperature. 

Flint  glass  or  crystal  glass  is  a  potash  glass  con- 
taining lead  iu  the  place  of  calcium,  and  is  made  by 
fusing  together  potassium  carbonate  (K^COg),  litharge 
or  lead  oxide  (PbO),  and  sand  (SiOo).  It  consists  of 
potassium  and  lead  silicates,  and  is  distinguished  by 
its  lustre  and  refractive  power,  hence  it  is  valuable 
for  optical  ])urposes. 

Soluble  glass  is  either  sodium  or  potassium  silicate, 
generally  the  former.    If  it  is  the  sodium  silicate,  it 
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is  prepared  by  fusing  together  sodium  carbonate  and 
sand.  It  is  a  thick  syrupy  liquid,  miscible  with,  or 
sohible  in,  water  ;  if  painted  over  a  surface,  such  as  a 
wall,  it  is  decomposed  by  the  carbon  dioxide  of  the 
air,  a  film  of  silica  being  left  as  a  hard  protective 
surface  on  the  wall. 

Coloured  glasses  are  made  by  the  addition  of 
different  metallic  oxides  to  glass  while  in  a  molten 
condition.  Blue  glass  is  made  by  adding  oxide  of 
cobalt ;  red  glass  by  adding  cuprous  oxide. 

Porcelain  and  earthenware. — Porcelain  and 
earthenware  articles  consist  of  clay  that  has  been 
moulded  into  the  required  shapes,  then  baked  hard, 
and  afterwards  covered  with  some  substance  that 
fuses  at  a  high  temperature,  and  forms  a  glaze,  so 
preventing  the  passage  of  liquids  through  what  would 
otherwise  be  a  porous  medium.  The  glaze  used  for 
the  finer  kinds  of  porcelain  is  generally  produced  by 
dipping  the  unglazed  article  into  water  containing 
powdered  felspar  suspended  in  it;  on  draining  the 
article  the  water  sinks  into  the  porous  substance, 
leaving  a  film  of  felspar  over  its  surface,  and  on 
strongly  heating  the  article  in  a  furnace  this  film  of 
felspar  melts  and  forms  the  glaze.  Common  earthen- 
ware, which  is  of  a  reddish-brown  colour,  is  frequently 
glazed  with  litharge  (oxide  of  lead),  which  forms  an 
easily  fusible  lead  silicate  on  the  application  of  heat, 
this  lead  silicate  constituting  the  glaze  ;  if  acid 
articles  of  food,  such  as  vinegar,  lemon-juice,  lime- 
juice,  etc.,  be  kept  in  such  vessels,  the  lead  may  be 
dissolved  by  the  acid,  and  so  the  glaze  may  become  a 
source  of  lead  poisoning.  Another  common  glaze  is  salt 
glaze ;  common  salt  (sodium  chloride)  is  thrown  into 
the  furnace  containing  the  strongly-heated  articles, 
the  sodium  chloride  volatilises  and  decomposes  at  the 
heated  surfaces  of  the  clay  articles,  forming  a  deposit 
of  fused  aluminium  and  sodium  silicates  over  them. 
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BORON. 

Symbol,  B  ;  fonmila,  Bo  ;  triad ;  atomic  tveiyht,  1 1  ; 
molecular  weight,  22, 

Boron  does  not  occur  in  nature  in  the  free  state, 
but  is  found  as  free  boric  acid,  and  also  in  the  form 
of  various  natural  borates. 

Prepai-nlioii  of  boron— Amorphous  boron  is 
obtained  by  heating  boron  trioxide  (B^O.,)  with  the 
metal  sodium.  Crystalline  boron  is  prepai-ed  by  dis- 
solving the  amorphous  variety  in  molten  aluminium  ; 
on  cooling,  the  boi'on  crystallises  in  the  mass  of  the 
aluminium,  fi'oui  which  the  ci'ystals  may  be  obtained 
by  dissolving  the  aluminiuiu  in  hydrochloric  acid. 

BORIC  OR  BORACIC  ACID. 

Formula,  H.3BO3. 

Boracic  acid  is  found  in  the  jets  of  steam  known 
as  sujjioni  or  /umaroli,  issuing  from  fissures  in  the 
earth  in  the  volcanic  districts  of  Tuscany  ;  these  jets 
of  steam  condense  and  form  suiall  lagoons,  by  the 
concentration  of  the  water  of  which  boracic  acid  is 
obtained.  Since  this  volcanic  boracic  acid  is  always 
accompanied  by  salts  of  ammonia,  it  is  possible  that 
it  is  produced  deep  down  in  the  eai'th  by  the  contact 
of  boron  nitride  with  steam,  as  these  two  bodies  are 
known  to  decompose  one  another  as  follows  : 

BN    +    SHoO    =    H3BO3    +  NH3 

Boron  Water.  Boracic  Ammonia, 

nitride.  acid. 

Boracic  acid  may  also  be  prepared  by  mixing 
together  a  concentrated  hot  solution  of  borax  with 
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sulphuric  or  hydrochloric  acids;  on  cooling,  the  boracic 
acid  crystallises  out. 

Properties.  —  Boracic  acid  is  a  white  solid, 
crystallising  in  sniall  flaky  crystals,  veiy  soluble  in 
hot,  and  moderately  soluble  in  cold,  water.  It  possesses 
antiseptic  properties,  and  is  used  as  an  antiseptic 
lotion  and  as  a  preservative. 

Tests. — (i)  If  boracic  acid  be  mixed  with  some 
alcohol,  and  a  light  applied  to  the  mixture,  the  boracic 
acid  communicates  a  green  colour  to  the  flame  of  the 
burning  alcohol. 

(ii)  Boracic  acid  turns  yellow  turmeric  pa))er 
brown,  in  this  way  acting  on  turmei-ic  in  a  similar 
manner  to  alkalies.  It  is  the  only  acid  that  turns 
turmeric  brown. 

METABORIC  OR  METABORAOIC  ACID. 
Formula,  HBOj. 

This  acid  is  obtained  by  gently  heating  boracic 
acid,  when  each  molecule  of  the  acid  loses  a  molecule 
of  water,  thus  : 

H3BO3    =    HBO,    +  HgO 

Boracic  Metaboraoic  Water. 

acicT.  acid. 

If  further  heat  be  applied,  all  the  water  is  driven 
oflf  and  boracic  anhydride  or  boron  trioxide  (B.jOg)  is 
left,  thus  : 

2HBO2    =    B2O3    +  H^O 

Metaboracic  Boracic  Water, 

acid.  anhydride. 

The  only  interest  attaching  to  metaboracic  acid  is 
that  it  is  the  acid  that  enters  into  the  composition 
of  borax,  which  is  a  compound  of  metaboracic  acid, 
and  not  of  boracic  acid. 
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BORAX. 
Formula,  2N'aB02,  B.Og,  lOHoO. 

This  is  a  crystalline  compound  of  sodium  meta- 
boi-ate  and  boracic  anhydi'ide.  Native  borax  occurs 
as  lineal,  found  in  Persia  and  elsewhere ;  of  late, 
borax  has  been  found  in  large  quantities  in  California. 

Preparation  of  borax. — If  the  crude  volcanic 
boracic  acid  be  heated  with  sodium  carbonate,  am- 
monium carbonate  volatilises  [see  page  128),  and  borax 
remains. 

Tests. — (i)  If  sulphuric  acid  be  added  to  borax 
(to  set  free  boi-acic  acid),  and  the  mixture  stii'red  with 
alcohol,  and  a  light  ajiplied,  a  green- coloured  flame 
will  he  obtained. 

(ii)  If  to  a  solution  of  borax,  hydrochloric  acid 
be  added  (to  set  free  boracic  acid),  and  a  piece  of 
turmeric  paper  be  dipped  in  the  mixture,  then  on 
carefully  drying  the  turmeric  paper  over  a  Bunsen 
flame,  the  yellow  colour  will  be  changed  to  brown. 
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PHOSPHORUS.     COMPOUNDS  OF  PHOSPHORUS. 

Phosphorus— Ordinary  or  Yellow  Phosphorus— Red  or  Amorphous 
Phosphorus  —Phosphorus  Trioxide  —Phosphorus  Pentoxide— 
Phosphoric  Acid  —  Pyrophosphoric  Acid  —  Metaphosphoric 
Acid — Phosphorous  Acid— Hypophosphorous  Acid— Gaseous 
Phosphoretted  Hydrogen— Liquid  Phosphoretted  Hydrogen 
— Compoimds  of  Phosphorus  and  Chlorine— Compounds  of 
Phosphorus  and  Bromine— Compounds  of  Phosphorus  and 
Iodine. 

PHOSPHORUS. 

Symbol,  P;  formula,  T^^;  pentad ;  atomic  weight,  31 ; 
molecular  weight,  124. 

Phosphorus  and  arsenicum  are  the  only  two  ele- 
ments that  contain  four  atoms  in  the  molecule ;  the 
molecular  weight  of  phosphoinis  is  therefore  four 
times  the  atomic  weight. 

Phosphorus  (from  ^wq,  light  ;  (pepeiv,  to  bear) 
derives  its  name  from  its  property  of  shining,  or  being 
luminous,  in  the  dark  ;  it  occurs  in  nature  principally 
as  calcium  phospliate  in  the  minerals  apatite  and  phos- 
phorite, and  in  soils  in  small  quantities  ;  from  soils 
plants  possess  the  power  of  abstracting  the  calcium 
phosphate,  and  of  storing  it  in  their  tissues  partly  in 
the  form  of  a  soluble  calcium  phosphate,  and  partly 
in  the  form  of  complex  organic  bodies  containing 
phosphorus ;  animals  by  using  plants  as  foods  convey 
phosphorus  into  their  systems,  and  the  calcium  phos- 
jjhate  becoming  deposited  in  bones  constitutes  tlie 
principal  inorganic  and  hardening  constituent  of 
bones,  whilst  phosphorus  in  the  form  of  complex 
organic  bodies  forms  an  essential  constituent  of  the 
M— 32 
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brain,  nervous,  and  other  tissues ;  in  our  food  more 
phosphorus  is  taken  than  the  system  requires,  the 
excess  being  got  rid  of  mainly  by  excretion  as  phos- 
phates, principally  in  the  urine,  partly  in  the  fasces, 
and  so  being  returned  to  the  soil.  Phosphorus  was 
first  prepared  from  the  calcium  phosphate  obtained 
from  concentrated  urine ;  later,  the  discovery  was 
made  that  bones  also  contain  calcium  phosphate,  and 
it  is  from  this  source  that  phosphorus  is  now  pre- 
pared. 

There  are  two  alloti'opic  forms  of  phosphorus,  the 
ordinary  or  yelloio,  and  the  red  or  amorphous,  whicli 
diflfer  remarkably  from  one  another  in  their  properties. 

Ordinary  or  Yellow  Phosphorus. 

This  is  prepared  from  bones  in  the  following 
manner : — (i)  Tlie  bones  are  calcined  to  obtain  bone- 
ash,  an  impure  calcium  phosphate  ;  (ii)  the  bone-ash 
is  digested  with  sulphuric  acid  to  yield  the  solublr, 
acid  phosphate  of  calcium,  or  calcium  superphosphate. 

Ca,(PO,.).   +   2H.S0^  =  CaH,(PO^)o  +  2CaS0, 

Cnlcium  "  Sulplmi-ic  Calcium  iicid  Calcium 

pUosplmte.  acid.  x)hoBi)lmte.  Bulpbate. 

(iii)  The  solution  of  the  acid  phosphate  of  cal- 
cium is  filtered  from  tlie  insoluble  calcium  sulphate, 
evaporated  to  dryness  and  lieated,  to  convert  'it  into 
calcium  metaphosphate. 

CaH,.(P0.i)2    =    Ca(P03),    +  2H.0 

Calcium  acid "  Calcium  Water, 

phospliate.  metapbosiihate. 

(iv)  The  calcium  metaphosphate  is  then  mixed 
with  charcoal,  and  the  mixture  is  strongly  heated  in 
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a  retort,  when  phosphorus  distils  over  and  is  received 
under  water. 

3Ca(PO.O.  +  5C.    =  +   Ca3(PO,j)2  +  lOCO 

Calcium  Cbnrcoal.  Phosphorus.       Calcium  Carbon 

metaphospbate.  phosphate.  monoiide. 

(v)  The  phosphorus  so  obtained  is  coloured  from 
impurities,  and  is  puritied  either  by  redistillation  or 
by  pressing  it  when  melted  under  water  through 
leather ;  the  purified  phosphoins  is  then  cast  into 
sticks,  and  is  kept  under  cold  water. 

Properlics. — Phospliorus  is  a  colourless  trans- 
parent solid  when  first  j^repared,  someAvhat  resembling 
white  wax  in  appearance  and  consistency,  but  it 
gradually  becomes  bi'ittle  and  yellowish  in  colour  by 
keeping.  It  melts  at  44°  C.  (110°  F.),  ignites  at  a 
slightly  higher  temperature,  boils  at  290°  C,  and  out 
of  contact  with  air  may  be  distilled  unchanged  ;  it  is 
luminous  in  the  dark  and,  if  exposed  to  the  air  at 
ordinary  temperatures,  it  gives  off,  without  igniting, 
white  fumes  of  phosphorus  trioxide  or  phosphorous 
anhydride  (PoO^)  ;  when  burnt,  it  forms  a  white 
powder,  the  phosphorus  pentoxide  or  phosphoric 
anhydride  (P^O-).  If  phosphorus  be  held  in  the 
hands  for  a  short  time,  it  is  very  apt  to  catch  fire, 
and  it  is  therefore  kept  under  water.  It  is  slightly 
soluble  in  ether  and  in  the  fixed  oils,  and  is  very 
soluble  in  carbon  bisulphide  ;  if  its  solution  in  this 
body  be  poured  on  a  sheet  of  paper  or  on  the  floor, 
the  carbon  bisulphide  rapidly  evapoi'ates,  and  the 
])hosphorus  is  left  in  so  fine  a  state  of  division  that  it 
ignites  spontaneously  in  a  very  short  time.  Phos- 
]ihorus  is  veiy  poisonous,  and  is  a  commoaa  con- 
stituent of  the  rat-pastes,  sold  for  destroying  rats, 
which  consist  of  yellow  phosphorus,  fat,  sugar,  floui-, 
and  Prussian  blue  ;  most  cases  of  phosphorus  poisoning 
are  due  to  the  swallowing  of  rat-paste. 
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Red  or  Amorphous  Phosphorus. 

This  is  prepared  by  heating  ordinary  phosphorus 
in  an  atmosphere  of  carbon  dioxide  or  of  hydrogen  to 
240°  C.  for  some  time.  It  is  also  very  slowly  formed 
by  the  exposure  of  a  stick  of  phosphorus  kept  under 
water  to  light,  when,  after  some  time,  a  red  coating  of 
amorphous  phosphorus  forms  on  the  stick. 

If  amorphous  pliosphorus  be  heated  (while  in  an 
atmosphere  of  carbon  dioxide  or  of  hydrogen)  to  2G0° 
C,  it  changes  back  to  the  ordinary  phosphorus,  the 
reconversion  being  attended  with  an  explosion ;  great 
care  is  therefore  required  in  its  preparation  that  the 
temperature  shall  not  be  I'aised  much  above  240°  C. 

Properties. — Tliis  allotropic  form  of  phosphorus 
is  a  red-brown  amorplious  powder;  it  does  not  fume 
in  the  air,  nor  is  it  luminous  in  the  dark ;  it  does  not 
melt  at  250°  C,  and  catches  fire  only  at  260°  C,  when 
it  becomes  reconverted  into  ordinary  phosphorus ; 
there  is  therefore  no  necessity  for  keeping  it  under 
water  ;  it  is  insoluble  in  carbon  bisulphide,  and  all 
liquids  ;  it  is  odourless  and  non-poisonous. 

Use  of  pliospliorus  iii  liicifcr  matches. — 
Both  varieties  of  phosphorus  are  used  in  the  manu- 
facture of  lucifer  matches.  Common  matches  are 
tip]»ed  with  a  mixture  containing  ordinary  phosphorus, 
and  ignite  when  rubbed  on  any  rough  surface,  the 
friction  producing  sufficient  heat  to  set  the  phosphorus 
on  fire.  Safety  matches  have  no  phosphorus  on  their 
tips,  but  are  tipped  with  a  mixture  of  potassium 
chlorate,  red  lead,  and  black  sulphide  of  antimony, 
the  phosphorus  being  on  the  side  of  the  box  in  the 
form  of  amorphous  phosphorus,  stuck  on  with  common 
glue ;  when  a  safety  match  is  rubbed  against  this, 
the  portion  of  amorphous  phosphorus  rubbed  by  the 
match  is  by  the  heat  of  friction  changed  to  the  ordi- 
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nary  phosphorus,  which,  adhei^ering  to  the  tip  of  the 
match,  causes  it  to  catch  fire. 

The  following  table  contrasts  the  different  pro- 
perties of  the  two  allotropic  forms  of  phosphorus  : — 


Ordinary  Phosphorus. 

Form. — In  sticks. 
Colour. — Colourless,  or  yellow. 
Odour. — Peculiar. 
Luminosity.  —  Luminous  in 
dark. 

TnJIammaliUty.  —  Ignites  at 
45°  C,  and  is  apt  to  ignite 
•when  handled. 

Exposure  to  air. — White  fumes 
evolved. 

Solubility. — Soluble  in  carhon 
bisulphide,  and  slightly  so 
in  ether  and  the  fixed  oils. 

Fhysiological  action.  —  Very 
poisonous. 


Amorphous  Phosphorus. 

In  powder. 
Eed-brown. 
None. 

Not  luminous. 

Ignites  at  260'  C,  and  may 
be  handled  with  im- 
punity. 

No  fumes  evolved. 

Insoluble  in  all  liquids. 
Not  poisonous. 


COMPOUNDS  OF  PHOSPHORUS  AND 
OXYGEN. 

There  are  two  oxides  of  phosphorus,  viz.  phos- 
phoi'us  trioxide  or  phosphorous  anhydride  (PoO.^),  and 
phosphorus  pentoxide  or  phosphoric  anhydride  (PoOj). 

Phosphorus  Trioxide. 

Formula,  P2O3. 

This  oxide  is  obtained  in  the  form  of  white  fumes, 
either  by  exposing  a  stick  of  phosphorus  to  the  air,  or 
by  burning  phosphorus  in  a  very  limited  supply  of 
air. 


l82 


Chemistry. 


[Part  11. 


Phosphouus  Prntoxide. 
Formula,  PoOj. 

This  oxide  is  obtained  as  a  white  powder  by  burn- 
ing phosphorus  in  oxygen,  or  in  a  free  supply  of  air. 
At  a  high  temperature  it  can  be  volatilised ;  it  has  a 
very  powerful  attraction  for  moisture,  being  one  of 
the  most  hygroscopic  substances  known.  It  is  the 
anhydride  of  phosphoric  acid,  and  if  dissolved  in  hot 
watei'  it  forms  phosphoric  acid  at  once ;  if  dissolved  in 
cold  water  it  forms  at  first  metaphosphoric  acid. 

The  metaphosphoric  acid  then  gradually  unites 
with  more  water  to  form  ordinary  phosphoric  acid. 

P.Og    +    HjO    =  2HPO3 

Pbosplioric  Water.  Motajibosplioric 

auliydriilc.  acid. 

The  metaphosphoric  acid  then  gradually  unites 
with  more  water  to  form  oi-dinary  phosphoi-ic  acid. 

HPO3       +       HoO       =  HgPO^ 

Metaphosphoric        Water.  Phosphoric, 
acid.  acid. 

ACIDS  OF  PHOSPHORUS. 

There  are  three  acids  of  phosphorus,  viz. : 

H3PO4  Phosphoric  acid. 

H:iPO^  or  H.,PHO:,  Phosphorous  acid. 
H3PO.J  or  HPHo(.)-j  Hypophosphorous  acid. 

Of  phosphoric  acid  there  are  two  derivati^'tss,  viz. 
pyrophosphoric  acid  (H^PoO-)  and  metaphosphoric 
acid  (HPO.,),  which  consist  of  phosphoric  acid  de- 
prived of  different  amounts  of  water ;  these,  however 
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are  not  separate  acids  of  phosphorus,  but  are  deriva- 
tives or  varieties  of  phosphoric  acid,  in  connection 
with  which  they  will  be  described. 

PUOSPIIORIC  OR  ORTHO-PHOSPnORIC  AciD. 

Formula,  H^PO^. 

This  is  the  ordinary  or  common  phosphoi'ic  acid, 
and  is  called  ortho-phosphoric  acid  (dpSoe,  straight)  in 
order  to  distinguish  it  from  its  two  derivatives. 

ITIodes  of  pi-eparatioii.  —  (i)  By  dissolving 
phosphoric  anhydride  in  hot  water. 

PgOj    4-     3HoO    =  aHgPO^ 

Phosphoric         ,  Water.  [Phosphoric 
anhydride.  acid. 

(ii)  The  'phosphoric  acid  used  in  medicine  is 
obtained  by  boiling  together  for  some  time  phosphorus, 
nitric  acid,  and  water  ;  the  phosphorus  is  oxidised  by 
the  nitric  acid  to  phosphoric  anhydride,  and  this  with 
the  boiling  water  forms  phosphoric  acid. 

3P^    +    2OHNO3    -f    8H2O    =    12H.,P0^  + 

Phosphorus.       Nitric  acid.  Water.         Phosphoric  acid. 

ION.3O2 
Nitrogen 
dioxide. 

(iii)  Phosphoric  acid  may  be  obtained  by  the 
action  of  phosphorus  pentachloride  on  watei',  the 
hydrochloric  acid  being  driven  off  by  subsequent 
evaporation. 


PCK    +    4H,0    =    HgPO^    +  5HC1 

Phosphorus  Water.  Phosphoric  Hydrochloric 

pentachloride.  acid.   ■  acid. 
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Properties. — Phosphoric  acid  is  one  of  the 
strongest  inorganic  acids,  as  it  even  expels  sulphuric 
acid  from  its  compounds.  It  forms  three  sodium 
salts,  viz.  NagPO^,  NaoHPO.^,  and  NaH^PO^;  the 
last-mentioned  salt  is  acid  to  test-paper,  and  to  its 
presence  in  human  urine  the  acidity  of  normal. urine 
is  due. 

Tests.  —  (i)  Phosphoi'ic  acid  when  neutralised 
with  ammonia  gives  a  canary -yellow  precipitate  of 
silver  phosphate  with  solution  of  silver  nitrate ;  this 
precipitate  is  readily  dissolved,  both  by  solution  of 
ammonia  and  by  nitric  acid. 

(ii)  If  to  phosphoric  acid  excess  of  ammonia  be 
added,  and  then  solutions  of  ammonium  chloride  and 
magnesium  sulphate,  a  white  crystalline  precipitate 
will  form  on  shaking  the  mixtui'e ;  this  precipitate  is 
the  magnesium  ammonium  phosphate  (MgNHj^PO.^). 


Pyrophosphoric  Acid. 

Formida,  H^PgO^. 

This  derivative  of  phosphoric  acid  is  obtained  by 
heating  that  acid  a  little  above  200°  ;  two  molecules 
of  phosphoric  acid  lose  one  molecule  of  water,  forming 
pyrophosphoric  acid. 

2H3PO4    -    H2O    =  H.JP2O7 

Phosphoric  Water.  Pyrophosphoric 

acid.  acid. 

It  may  also  be  obtained  in  the  form  of  its  sodium 
salt  by  heating  ordinary  sodium  phosphate,  thus  : 


SNagHPO^    =    Na^PgO^    -f  HgO 

Sodium  Sodium  Water 

phosphate.  ijjn-oxihosphate. 
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Tests.  —  (i)  Wlien  neutralised  with  ammonia, 
pyrophosphoric  acid  gives  a  white  precipitate  with 
silver  nitrate,  thus  distinguishing  it  from  phosphoric 
acid,  which  gives  a  yellow  precipitate. 

(ii)  Pyrophosphoric  acid  does  not  coagulate 
albumen,  thus  distinguishing  it  from  metaphosphoric 
acid.    {See  below.) 

Metaphosphoric  Acid. 
Formula,  HPO.^. 

Tliis  last  derivative  or  variety  of  phosphoric  acid 
is  obtained  l)y  heating  that  acid  to  redness ;  one  mole- 
cule of  phosphoric  acid  loses  one  molecule  of  water, 
forming  metaphosphoric  acid,  thus  : 

HgPO^  -  ^  HPO3 

Phosphoric  Water.  Metaphosphoric 

acid.  acid. 

Metaphosphoric  acid  is  obtained  as  a  vitreous 
mass,  and  hence  is  known  as  glacial  phosphoric  acid ; 
it  dissolves  in  water,  and  its  solution  changes  slowly 
at  ordinary  temperatures,  but  rapidly  with  heat,  into 
ordinary  phosphoric  acid. 

Tests.  —  (i)  "When  neutralised  with  ammonia, 
metaphosphoric  acid  gives  a  white  precipitate  with 
silver  nitrate,  thus  distinguishing  it  from  ordinary 
phosphoric  acid,  which  gives  a  yellow  precipitate. 

(ii)  If  some  unboiled  white  of  egg  be  shaken 
with  metaphosphoric  acid,  the  albumen  is  coagulated  ; 
this  test  distinguishes  metaphosphoric  acid  from  pyro- 
phosphoric acid,  which  does  not  possess  the  power  of 
coagulating  albumen. 
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Phosphorous  Acid, 
Formula,  H3PO3  or  HgPHOg. 

This  acid  contains  in  the  molecule  one  atom  of 
oxygen  less  than  pliosphoric  acid,  but  it  is  not  a 
tri basic  acid  like  phosphoric  acid,  since  only  two- 
tliirds  of  its  hydrogen  can  be  displaced  by  metals ;  its 
constitutional  formula  is  therefore  H.iPHO... 

lTIo«les  of  preparation.  —  (i) "  By  passing  the 
fumes  of  phosphorous  anhydride,  obtained  by  ex- 
posing sticks  of  phosphorus  to  the  air,  into  water. 

PoO;,    +    SH.O    =  2H3PO3 

Phosphorous  Water.  Phosphorous 

(vuhydride.  acid. 

(ii)  By  the  action  of  pliosphorus  trichloride  on 
water,  the  hydrochloric  acid  being  driven  off  by  sub- 
sequent evaporation. 

PCI,    +    SH.O    =    H3PO3    -f  3HC1 

Phosphorus  Water.  Phosphorous  Hydrochloric 

trichloride.  acid.  acid. 

Pi'opci'lics. — Phosphorous  acid  has  a  very  strong 
attraction  for  oxygen,  and  if  exposed  to  the  aii'  forms 
phosphoric  acid ;  on  account  of  its  affinity  for  oxygen 
it  is  a  powerful  reducing  agent. 

Hypophosphorous  Acid. 

Formula,  H3PO2  or  HPH2O2. 

This  acid  contains  one  atom  of  oxygen  less  in  the 
molecule  than  phosphorous  acid ;  it  is  a  monobasic 
acid,  and  its   constitutional   formula   is  therefore 
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HPH.,Oo.  It  may  be  pi'epared  by  decomposing  its 
barium  salt  (barium  hypophospliite)  with  sulphuric 
acid,  ami  filtering  from  the  insoluble  barium  sulphate. 

Ba(PH,0.),  +  HjSO.^  =  2HPHoO,  +  BaSO^ 

Barium  Sulphuric      Ilypophosphorous  Barium 

hypophospbite.  acid.  acid.  sulphate. 

Preparation  of  tlie  liypopliospliitcs. — The 

sotlium,  potassium,  calcium,  aiid  barium  hypophos- 
phites  are  prepared  by  boiling  i-espectively  the  alkaline 
liydrate  of  the  metal  with  phosphorus  and  water ;  in 
each  case  gaseous  phosphoretted  hydrogen  is  evolved. 
The  two  hypophosphites  most  employed  in  medicine 
are  the  sodium  and  calcium  salts,  the  preparation  of 
which  is  shown  in  the  following  equations  : 

3NaH0  +  P.^  +  3H2O  =  SNaPHoO,  +  PH3 

Sodium     Phosphorus.    Water.  Sodiuui    "  Phosphoretted 

hydrate.  hypophosphite.  hydi'ogen. 

3Ca(HO)2    +    2P^    +    GHjO   =  3Ca(PH.O.),  + 

Calcium  Phosphorus.        Water.  Calcium 

hydrate.  hypophosphite. 

2PH.5 
Phosphoretted 
hydrogen. 


COMPOUNDS  OF  PHOSPHORUS  AND 
HYDROGEN. 

There  are  two  compounds  of  these  elements,  a  gas 
(PH3)  and  a  liquid  (P.^HJ. 

Gaseous  Phosphoretted  Hydrogen  or  Phosphine. 
Formula,  PH3. 

Modes  of  preparation.— (i)  As  described 
above,  this  compound  is  produced  when  phosphorus  is 
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boiled  with  an  alkali  and  water ;  the  gas  that  is 
evolved  is  not,  however,  quite  pure,  since  on  coming 
in  contact  with  the  air  it  ignites  spontaneously, 
whereas  pure  gaseous  phosplioretted  hydrogen  is  not 
spontaneously  inflammable ;  its  spontaneous  inflam- 
mability, when  prepared  by  the  action  of  phosphorus 
on  an  alkali,  is  due  to  its  being  contaminated  with  a 
small  quantity  of  the  vapour  of  the  liquid  phos- 
phoretted  hydrogen,  which  is  spontaneously  inflam- 
mable. 

(ii)  The  jaure  gas  is  obtained  by  strongly  heating 
phosphorous  acid,  which  decomposes  under  the  in- 
fluence of  heat  into  phosphoric  acid  and  phosplioretted 
hydrogen. 

4H.,P0.,    =    3H,,P0^    -f  PHg 

Phosphorous  Phosphoric  Phosphoretted 

acid.  acid.  hjdrogren. 

Properties.  —  The  specific  gravity  of  phos- 
phoretted hydrogen  is  17,  and  it  is  somewhat  heavier 
than  air;  it  is  a  colourless  gas,  with  a  very  unpleasant 
garlic-like  odour,  nearly  insoluble  in  water,  and  ignit- 
ing wlien  a  light  is  applied  to  it,  forming  by  its  com- 
bustion phosphorus  pentoxide  and  water. 

Liquid  Phosphoretted  Hydrogen. 

Formula,  PoH^. 

Preparation. — This  body  is  obtained  by  the 
action  of  calcium  phosphide  on  water. 

CajPg    +    mf>    =    PoH^    +  2Ca(H0). 

Calcium  Water.         Phosphoretted  Calciaun 

phosphide.  hydrogen  (liquid).  hydrate. 

Properties. — A  liquid  possessing  a  very  un- 
pleasant odour,  and  catching  fire  spontaneoiisly  on 
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exposure  to  tlie  air ;  it  is  very  unstable,  especially  if 
exposed  to  siiulight,  decomposing  into  the  gaseous 
phosphoretted  hydrogen  and  free  phosphorus. 

=      8PH3      +  P4 

Phosphoretted         Phosphoretted  Phosphorus, 
hydrogen  (liquid),    hydrogen  (gaseous). 

COMPOUNDS  OF  PHOSPHORUS  AND 
CHLORINE. 

There  are  two  chlorides  of  phosphorup,  a  tri- 
chloride and  a  pentachloride. 

Phosphorus  Trichloride  or  Phosphorous 
Chloride. 

Formula^  PCI3. 

A  colourless  liquid,  fuming  in  moist  air,  and  pro- 
duced by  burning  phosphorus  in  chlorine,  keeping 
the  phosphorus  in  excess.  Phosphorus  trichloride  is 
decomposed  by  water,  with  formation  of  phosphorous 
and  hydrochloric  acids. 

PCI.,    -f    SHoO    =    H,,PO.,    -I-  3HC1 

Phosphorus  Water.  Phosphorous  Hydrochloric 

trichloride.  acid.  acid. 

Chlorine  converts  phosphorus  trichloride  into  the 
pentachloride. 

Phosphorus  Pentachloride  or  Phosphoric 
Chloride. 

Formula,  PCI5. 
A  white  crystalline  body,  volatilising  and  fuming 
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in  the  air.  It  is  produced  (i)  by  the  action  of 
chlorine  on  the  trichloride  of  phosphorus ;  (ii)  by 
burning  phosphorus  in  excess  of  chlorine ;  (iii)  by 
passing  chloi'ine  into  a  solution  of  pliosphorus  in 
cai'bon  bisulphide.  Phosphorus  pentachloride  is  de- 
composed by  water,  with  formation  of  phosphoric  and 
hydrochloric  acids. 

PCI,    +    4HjO    =    H^PO^    +  5HC1 

Phospliorus  Water.  Phosphorio  Hydrochloric 

pentachloride.  acid.  acid. 

If  exposed  to  moist  air,  phosphorus  pentachloride 
produces  white  fumes  of  phosphorus  oxychloride. 

PCI,    +    H.O    =    POCl,,    +  2HC1 

Phosphorus  Water.  Phosphorus  Hydrochloric 

pentachloride.  oxychloride.  acid. 

COMPOUNDS  OF  PHOSPHORUS  AND 
BROMINE. 

There  are  two  broujides  of  phosphorus,  a  tri- 
bromide  (PBr.,),  which  is  a  liquid  body,  and  a  penta- 
bromide  (PBr,),  which  is  a  solid  body.  They  are 
both  produced  liy  direct  combination  of  the  two 
elements. 

COMPOUNDS  OF  PHOSPHORUS  AND 
IODINE. 

There  are  two  iodides  of  phosphorus,  a  di-iodide 
(PoI.i),  and  a  tri-iodide  (PI3).  They  are  both  solid 
bodies,  and  are  produced  by  direct  combination  of  the 
requisite  quantities  of  the  two  elements.  No  penta- 
iodide  of  phosphorus  is  known. 
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CHAPTER  XI. 

SULPHUR.     OXIDES,  ACIDS,  AND  COMPOUNDS  OF 
SULPnUR. 

Sulphur— AUotropic  forms  of  Sulphur — Properties  of  Sulphur- 
Sulphur  Dioxide  or  Sulpliurous  Anhydride— Sulphur  Trioxide 
or  Sulphuric  Anhydride — SulphiU'ous  Acid— Sulphuric  Acid — 
Nordhausen  or  Fuming  Sulphuric  Acid — Sulphuretted  Hydro- 
gen—Hydrogen Persulphide — Thiosulphuric  Acid — Compounds 
of  Sulphur  and  Chlorine. 

SULPHUR. 

Symbol,  S;  formula,  Sgj  hexad ;  atomic  weight,  32  ; 
molectilar  tveight,  64. 

Sulphur,  cominonly  known  as  brimstone,  occurs  in 
nature  in  considerable  quantities,  in  both  the  fi-ee 
and  combined  states.  In  the  free  state  it  is  found  in 
the  volcanic  districts  of  Sicily,  Italy,  and  Iceland,  in 
the  form  of  yellow  crystals,  or  in  the  amorphous  state 
embedded  in  blue  clay.  In  tlie  combined  state  ifc 
exists  as  the  various  native  metallic  sulphides  (e.g. 
iron  pyrites  FeS,,  blende  ZnS,  black  antimony  SbjS^, 
copper  sidphide  CuS,  galena  PbS,  cinnabar  HgS),  and 
as  native  metallic  sulphates  {e.g.  gypsum  CaSO^, 
2H2O,  Fpsom  salts  MgSO.^,  heavy  spar  BaSO^). 

Sulphur  is  obtained  from  the  clay,  in  which  it  occurs 
in  volcanic  districts,  by  a  process  of  sublimation ;  on 
heating  the  mixture  of  sulphur  and  clay,  the  sulphur 
is  converted  into  vapour,  which  is  conducted  into  a 
large  and  cool  brick  chamber,  in  which  it  becomes 
cooled,  and  condenses  to  a  yellow  powder,  floivers  oj 
sulphur. 

There  are  three  allotropic  forms  of  sulphur,  corre- 
sponding to  the  three  allotropic  forms  of  carbon,  viz. 
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two  crystalline  forms  (the  octahedral  and  the  pris- 
matic) and  an  amorphous  form. 

The  allotropic  forms    of   sulphur.  —  (i) 

Octahedral  variety. — This  is  obtained  by  dissolving 
powdered  stick  sulphur  in  carbon  bisulphide,  and 
allowing  the  solution  to  evaporate  spontaneously, 
when  octahedral  crystals  of  sulphur  are  deposited. 

(ii)  Prismatic  variety.  —  This  may  be  obtained 
by  heating  sulphur  in  a  crucible  until  it  just  melts, 
allowing  it  to  cool  until  a  crust  forms  on  the  surface, 
and  then  pei-forating  the  crust  with  an  iron  rod  and 
pouring  out  the  molten  sulphur  from  underneath, 
when  long  prismatic  crystals  of  sulphur  will  be  found 
adhering  to  the  sides  of  the  crucible.  If  sulphur  be 
just  melted,  and  then  poured  into  a  mould  to  cool, 
it  sets  to  a  solid  mass  of  small  prismatic  crystals,  con- 
stituting the  stick  or  roll  sulphur  of  commerce  ;  also, 
if  the  vapour  of  sulphur  be  suddenly  cooled,  it  con- 
denses to  a  yellow  powder  consisting  of  minute  pris- 
matic crystals,  constituting  the  flowers  of  sulpliur  of 
commerce. 

(iii)  Amorphotts  variety. — This  may  be  produced 
in  two  forms,  plastic  sulphur  and  precipitated  sulphur. 
Plastic  sulphur  is  prepared  by  melting  sulphur  at  a 
temperature  a  little  above  200°  C,  and  then  pouring 
it  into  cold  water,  when  it  forms  a  plastic  mass  which 
can  be  drawn  out  like  soft  caoutchouc;  it  does. not, 
however,  I'etain  its  plasticity  for  long,  as  it  gradually 
becomes  hard  and  brittle,  owing  to  its  conversion  into 
the  cr3'stalline  condition.  Precijntated  sidphur  is 
obtained  by  boiling  flowers  of  sulphur  with  calcium 
hydrate  (slaked  lime)  and  water,  when  the  sulphur 
passes  into  solution  as  calciuDi  pentasulphide  (CaS-) 
and  calcium  thiosulphate  (CaSoO.J,  from  which  solution 
the  sulphur  may  be  precipitated  in  the  amorphous 
form  by  hydrochloric  acid,  which  unites  with  the  cal- 
cium and  so  sets  free  the  sulphur. 
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3Ca(HO).3      +      6S2      =      2CaS5  + 

Calcium  "  Sulphur  Calcium 

hydrate  pentasulphide. 

CaSoO.,    +  3H„0 

Calcium  Wafer, 
thiosulphate 

2CaS,    +    CaSoO.,    +    6HC1    =    SCaClg  + 

Calcium  Calcium  Hydrochloric  Calcium 

pentasulphide.      thiosulphate.  acid.  chloride. 

6S3        +  3H2O 
Sulphur.  Water. 

This  is  the  process  for  preparing  the  precipitated 
sufphur  of  the  British  Pharmacopceia ;  if  sulphuric 
acid  is  used  instead  of  hydrochloric  acid,  calcium  sul- 
phate will  be  produced  instead  of  calcium  chloride ; 
but  since  the  calcium  sulphate  is  insoluble,  it  will  be 
thrown  down  Avith  the  precipitated  sulphur.  This 
niixtui'e  of  calcium  sulphate  and  sulphur  used  to  be 
kno^vn  as  milk  of  sulphur^  formerly  an  official  pre- 
paration in  the  Pharmacopceia,  but  its  use  has  been 
discontinued  on  account  of  the  large  quantity  of  in- 
soluble sulphate  present  in  it. 

Properties. — Sulphur  is  a  solid,  possessing  a 
pale  yellow  colour,  odourless,  tasteless,  and  insoluble 
in  water  ;  it  burns  with  a  pale  blue  flame,  producing 
sulphur  dioxide  or  sulphurous  anhydride,  a  gas  hav- 
ing a  very  pungent  odoui'.  At  115°  C.  sulphur  melts 
to  a  clear  mobile  liquid,  which,  if  allowed  to  cool, 
resolidifies  to  the  ordinary  yellow  sulphur  (the  pris- 
matic variety)  ;  if  more  strongly  heated  it  undergoes 
a  peculiar  change,  for,  instead  of  becoming  more 
mobile,  it  becomes  more  viscid,  and  darker  in  colour, 
so  that  at  200°  C.  it  is  a  dark  bro^vn  liquid,  and  so 
viscid  that  the  vessel  containing  it  may  be  inverted 
without  the  sulphur  flowing  out ;  if  heated  above 
200^  C,  and  up  to  400°  C.,  it  gradually  becomes 
N-32 
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mobile  again,  and  boils  at  448°  0.  Sulphur  unites 
directly  with  oxygen,  chlorine,  phosphorus,  cax'bon, 
and  most  of  the  metals.  Sulphur  is  soluble  in  carbon 
disulphide. 

Test. — Its  yellow  colour,  combined  with  its  burn- 
ing with  a  pale  blue  flame,  and  producing  the  pungent 
smelling  gas  sulphur  dioxide,  renders  the  recognition 
of  sulphur  very  easy. 

COMPOUNDS  OF  SULPHUR  AND  OXYGEN. 

There  ai-e  two  oxides  of  sulphur,  viz.  a  gaseous 
oxide,  sulphur  dioxide  or  sulphurous  anhydride  (SO^), 
and  a  solid  oxide,  sulphur  trioxide  or  sulphuric  anhy- 
dride (SO3). 

Sulphur  Dioxide  or  Sulphurous  Anhydride. 

Tliis  compound  is  contained  in  the  gases  of 
volcanoes. 

Modes  of  preparation.  —  (i)  By  the  com- 
bustion of  sulphur  in  air  or  oxygen. 

S,    -f    2O2    =  2SO2 

Sulphur.        Oxj'geii.  Sulphur 

dioxide. 

(ii)  By  roasting  iron  pyrites  in  air. 

4FeSo    +    11  Oo    =    2Feo03    +  8SO2 

Iron  Oxygen.  PeiTic  Sulphur 

pyrites-  oxide.  dioxide. 

(iii)  For  experimental  purposes  sulphur  dioxide 
is  most  readily  prepared  by  the  action  of  strong  sul- 
phuric acid  with  heat  on  the  metal  copper. 
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Cu,  +  4H,S0.j  =  2CuS0,^  +  280.  +  4H2O 

Copper.        Sulplmric  Copper  Sulpliiu-  Water, 

acid.  sulphate.  dioxide. 

(iv)  Sulphur  dioxide  can  be  cheaply  prepared  by 
the  action  of  strong  sulphuric  acid  with  heat  on  char- 
coal ;  it  is  not,  howeA^er,  pure,  as  it  is  mixed  with 
carbon  dioxide,  which  is  produced  at  the  same  time. 

iH.so^  +  a  =  4SO2  +  2CO2  +  4H2O 

Snlpburic        Cliarcoal.       SiUpliur  Carbon  Water, 

acid.  dioxide.  dioxide. 

Properties.  —  The  specific  gravity  of  sulphur 
dioxide  is  32,  and  it  is  considerably  heavier  than  air ; 
it  is  a  colourless  gas,  with  a  very  pungent  irritating 
odour,  and  an  acid  taste;  it  is  neither  combustible,  nor 
is  it  a  supporter  of  combustion  ;  it  is  very  poisonous, 
and  is  freely  soluble  in  water,  forming  with  the  water 
sulphurous  acid.  If  cooled  by  means  of  a  freezing 
mixture  it  condenses  to  a  liquid  ;  the  apparatus  for 
liquefying  it  is  shown  in  Fig.  17.  A  is  a  flask  in 
which  the  sulphur  dioxide  is  prepared  by  heating 
strong  sulphuric  acid  with  copper.  The  gas  is  then 
passed  through  a  wash-bottle  B,  and  then  through  a 
spiral  tube  surrounded  by  a  freezing  mixture  c,  the 
liquefied  gas  being  then  received  in  a  flask  D,  which 
is  also  surrounded  by  a  freezing  mixture.  Sulphur 
dioxide  is  a  bleaching  agent,  and  also  a  powerful 
antiseptic,  on  account  of  its  germicidal  properties  ;  as 
an  antiseptic  it  is  employed  in  the  thorough  dis- 
infection of  rooms  in  which  patients  suflFering  from 
infectious  fevers  have  been  kept.  To  produce  it,  sulphur 
is  burnt  in  an  iron  vessel  with  a  little  methylated 
spirit  (to  facilitate  the  combustion  of  the  sulphur)  in 
the  room,  the  windows  and  the  doors  being  closed  ;  1 
to  1^  lb.  of  sulphur  should  be  used  to  every  1,000 
cubic  feet  of   air-space  in  the  room.     If  sulphur 
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dioxide  and  sulphuretted  hydrogen  gases  bo  mixed,  a 
cloud  of  free  sulphur  is  formed. 

2SO2    +    4H,S    =    38,    +  4H2O 

Sulpliur         Sulphur9tted       Sulx^hiir.  Water, 
dioxide.  hydrogen. 

It  is  possible  that  much  of  the  sulphur  found  free 


Fig.  17. — Preparation  and  Liquefaction  of  Sulphur  Dioxide. 


in  nature  in  volcanic  districts  is  produced  in  this 
manner. 

Test. — The  peculiar  pungent  and  irritating  odour 
would  be  sufficient  to  distinguish  this  gas. 

Sulphur  Trioxide  or  Sulphuric  Anhydride. 

Formula,  SO.5. 

Modes  of  pi-eparatioii.  —  (i)  By  passing  a 
luixtux-e  of  sulphur  dioxide  and  oxygen  over  heated 


Chap.  XI.] 


Sulphur  Trioxide, 


T97 


and  tinely-clivicled  platinum,  when  the  two  gases  unite 
to  form  the  higher  oxide  of  sulphur. 

2SO3    +    02    =  2SO3 

Sulphur  Oxygen.  Sulphur 
dioxide  trioxide. 

(ii)  By  gently  heating  Nordhausen  or  fuming 
sulphuric  acid,  when  sulphuric  anhydride  volatilises 
over  and  condenses. 

H,S0^S03    =    H,SO^    +  SO3 

ifordhansen  Sulphuric  Sulphur 

sulphuric  acid.  ncid.  trioxide. 

(iii)  By  distilling  sulphuric  acid  with  phosphoric 
anhydride. 

SHoSO^    +    P2O5  SHgPO^    +  3SO3 

Sulphuric  Phosphoric  Phosphoric  Sulphuric 

acid.  anhydride.  acid.  anhydride. 

Properties. — Sulphur  trioxide  is  a  solid  body, 
occurring  in  white  silky  needles.  It  dissolves  with 
avidity  in  water,  uniting  with  it  to  form  sulphuric 
acid. 

Sulphuric  Water.  Sulphuric 

anhydride.  acid. 

SULPHUROUS  ACID. 

Formula,  H3SO3. 

Mode  of  preparation. — By  passing  sulphurous 
anhydride  into  water. 

SO2    +    HgO    =  H2SO., 

Sulphurous         Water.  Sulphurous 
anhydride.  acid. 
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Properties. — Sulphurous  acid  possesses  the  clia- 
racteristic  pungent  odour  of  sulphurous  anhydride.  If 
exposed  to  the  air  oxygen  is  absorbed,  and  the  sul- 
phurous acid  is  converted  into  sulphuric  acid  (2H2SO.5 
+  0^  =  2H2SOJ,).  On  account  of  this  i^eadiness  to 
combine  with  oxygen,  sulphurous  acid  is  a  powei'ful 
reducing  agent.  Nascent  hydrogen  can,  however, 
reduce  sulphurous  acid,  depriving  it  of  all  its  oxygen, 
and  setting  free  sulphuretted  hydrogen  (H^SO^  +  SH, 
=  H3S  -|-  SHoO).  If  sulphurous  acid  be  neutralised 
with  an  alkaline  hydrate  or  carbonate,  a  sulphite  is 
produced ;  sulphites  are  more  easily  prepared  by  the 
union  of  sulphurous  anhydride  with  the  strong  bases ; 
thus,  if  sulphurous  anhydride  be  passed  into  solutions 
of  caustic  potash  or  caustic  soda,  sulphites  of  the 
metals  are  produced,  thus  : 


Na.SO.5    +  HoO 

Sodixuu  Water, 
sulpbifce. 


2NaH0 

Caustic 
sodn. 

2KH0 

Caustic 
potash. 


+  = 
Siili)liurous 
anhydride. 

+    SO.  - 

Sill  phurous 
anhydride. 


Potassium 
sulphite. 


Water. 


Tests. — (i)  If  to  a  solution  of  a  sulphite  some 
hydrochloric  acid  be  added,  sulphurous  acid  is  set  free, 
and  this  can  be  readily  detected  on  warming  by  the 
evolution  of  the  pungent-smelling  sulphur  dioxide. 

(ii)  If  to  sulphurous  acid  or  a  solution  of  a 
sulphite  some  zinc  and  hydrochloric  acid  are  added,  the 
nascent  hydrogen  will  reduce  the  sulphurous  acid  to 
sulphuretted  hydrogen  {see  above),  which  can  readily 
be  detected  by  its  odour,  and  by  its  blackening  a 
piece  of  filter-paper  moistened  with  a  solution  of  lead 
acetate. 
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SULPHURIC  ACID. 
Formula,  HjSO^. 


ITIodes  of  preparation.  —  Sulphuric  acid  is 
obtained  by  the  oxidation  of  sulphurous  acid.  This 
may  be  effected,  though  very  slowly,  by  exposing 


Fig.  18.— Sulphuric  Acid  Leaden  Chamber. 


sulphurous  acid  to  the  air.  Sulphuric  acid  is  now 
inanufactured  on  an  enormous  scale,  the  pi'ocess  con- 
sisting in  oxidising  sulphurous  acid  to  sulphuric  acid 
in  large  leaden  chambers,  the  oxidation  being  effected 
in  the  first  place  by  means  of  nitric  acid,  and  after- 
wards by  means  of  nitrogen  tetroxide  produced  from 
the  nitric  acid  and  oxygen  of  the  air.  The  leaden 
chambers,  wliich  are  supported  by  means  of  wooden 
frameworks,  are  arranged  in  a  series  communicating 
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with  one  another.  Into  the  first  one  the  flue  of  a 
furnace  passes  ;  the  last  one  is  connected  with  a  tower. 
Fig.  18  represents  the  Jfirst  of  the  leaden  chambers. 
In  the  furnace  a  is  burnt  sulphur  or  iron  pyrites 
(FeSj),  the  resulting  sulphur  dioxide  passing  along 
with  a  current  of  air  into  the  leaden  chamber.  At  the 
commencement  of  the  process,  a  vessel  containing 
some  sodium  nitrate  and  sulphuric  acid  is  placed 
within  the  furnace  on  one  side,  so  tliat  the  vapour  of 
the  nitric  acid  evolved  passes  with  the  current  of 
sulphur  dioxide  and  air  into  the  leaden  cliamber ;  this 
vessel  only  requires  re-charging  occasionally.  The 
boiler  b  discharges  steam  into  the  interior  of  the 
chamber,  and  at  the  bottom  of  the  chamber  the  sul- 
phuric acid  collects  in  a  diluted  condition,  and  is  drawn 
off  from  time  to  time.  The  formation  of  the  sulphuric 
acid  takes  place  as  follows : — (i)  The  sulphur  dioxide 
passing  into  the  leaden  chamber  unites  with  the 
steam  to  form  sulphurous  acid. 

SO.    +    H^O    =  H.3SO3 

Suljihur  Water.  Sulphurous 

dioxide.  acid. 

(ii)  This  sulphurous  acid  is  immediately  oxidised 
by  the  nitric  acid  vapour  to  sulphuric  acid,  nitrogen 
dioxide  being  evolved. 

3H,S03  +  2HNO3  =  SHoSOj  +  N3O2  +  H.O 

Sulphurous        Nitric  acid.         Sulphuric        Nitrogen  Water, 
acid.  acid.  dioxide. 

(iii)  The  nitrogen  dioxide  then  unites  with  the 
oxygen  of  the  air  that  has  passed  into  the  chamber  to 
form  nitrogen  tetroxide. 


NgOs    +    02    =  NgO, 

Nitrogen  Oxygen.  Nitrogen 
dioxide  tetroxide. 
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(iv)  This  nitrogen  tetroxide  then  oxidises  more 
sulphurous  acid  to  sulphuric  acid,  nitrogen  dioxide 
being  again  formed. 

2H0SO3    +    NjO^    =    2H2SO^    +  N2O3 

Sulphiirous  Nitrogen  Sulphuric  Nitrogen 

acid.  tetroxide.  acid.  dioxide. 

(v)  The  nitrogen  dioxide  is  again  converted  by 
the  oxygen  of  the  air  into  nitrogen  tetroxide,  which 
then  oxidises  more  sulphurous  acid.  It  will  be 
noticed,  therefore,  that  in  this  lead-chamber  pi-ocess 
the  oxidation  of  the  sulphurous  acid  is  effected  in  two 
different  ways  :  («)  by  means  of  nitric  acid  vapour,  a 
small  quantity  only  of  which  has  to  be  generated 
from  time  to  time  to  start  the  work  of  oxidation  ;  {h) 
by  means  of  the  nitrogen  dioxide,  produced  by  the 
reduction  of  the  nitric  acid,  acting  as  a  carrier  of  the 
oxygen  of  the  air  to  the  sulphurous  acid,  by  forming 
nitrogen  tetroxide,  which,  oxidising  some  of  the  sul- 
plmrous  acid  to  sulphuric  acid,  reproduces  nitrogen 
■  dioxide,  which  then  carries  on  its  work  of  picking  up 
the  oxygen  of  the  air.  This  nitrogen  dioxide  is  unable 
to  continue  this  work  for  an  indefinite  period,  on 
account  of  its  being  gradually  swept  away  in  the 
cun-ent  that  is  passing  through  the  leaden  chambers  ; 
for  since  the  air  that  passes  into  the  chambers  con- 
tains foui'- fifths  of  its  bulk  of  nitrogen,  this  nitrogen 
must  pass  away  to  make  room  for  the  fresh  gases  and 
air  streaming  in.  As  with  this  escaping  nitrogen  a 
considerable  quantity  of  nitrogen  tetroxide  must  pass 
away,  and  as  this  latter  gas  would  very  seriously 
vitiate  the  atmosphere  in  the  neighbourhood  of  the 
sulphuric  acid  works  if  allowed  to  pass  into  it,  some 
provision  has  to  be  made  for  the  absorption  of  this 
gas.  To  effect  this,  the  gases  as  they  escape  from  the 
last  of  the  series  of  leaden  chambers  are  made  to  pass 
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up  a  tall  tower,  known  as  a  Gay-Luasac's  tower,  in 
which  strong  sulphuric  acid  is  kept  slowly  trickling 
clown  over  pieces  of  coke  ;  the  nitrogen  tetroxide  is 
absorbed  by  the  sti-ong  sulphuric  acid,  from  which  it 
can  be  liberated  by  dilution  with  water,  and  so  can 
be  conducted  into  the  first  of  the  leaden  chambers,  to 
start  its  work  of  oxidation  over  again.  The  sulphuric 
acid  that  collects  at  the  bottom  of  the  leaden 
chambers,  and  is  drawn  therefrom,  is  in  a  diluted 
condition,  and  is  concentrated  by  evaj)oration  at  first 
in  leaden  vessels,  and  afterwai'ds  in  glass  or  platinum 
vessels. 

Properties. — Sulphuric  acid,  which  is  commonly 
known  as  oil  of  vitriol,  is  one  of  the  strongest  acids ; 
the  commei'cial  acid  is  of  specific  gravity  1-843,  and 
contains  98  per  cent,  of  sulphuric  acid,  the  remaining 
2  per  cent,  being  principally  water ;  it  is  generally 
of  a  light  brown  colour,  from  the  presence  of  traces  of 
organic  substances  (produced  mainly  from  dust).  If 
strong  sulphuric  acid  is  mixed  with  water,  the  mixture 
becomes  extremely  hot,  on  account  of  the  union  of  the 
acid  with  the  water  to  form  a  molecular  compound 
(HjSOpHoO).  On  account  of  its  powerful  attraction 
for  water,  strong  sulphuric  acid  is  employed  for  the 
purpose  of  drying  those  gases  on  which  it  has  no 
chemical  action.  If  sulphuric  acid  be  allowed  to  drop 
on  hot  bricks,  or  pieces  of  heated  pumice-stone,  it  is 
decomposed  into  water,  sulphur  dioxide,  and  oxygen 
(2H2SO^  =  2H2O  +  2SO2  +  O2). 

Coinmercial  sulphuric  acid  is  very  apt  to  contain 
small  quantities  of  lead,  arsenic,  and  nitrogen  tetroxide 
as  impurities.  The  lead  exists  as  the  sulphate,  and  is 
derived  from  the  leaden  evaporating  vessels  in  which 
the  acid  is  concentrated.  Although  lead  sulphate  is 
soluble  in  strong  sulphuric  acid,  it  is  not  soluble  in 
the  dilute  acid,  and  therefore  comes  down  as  a  white 
precipitate  on  diluting  the  strong  acid  with  water 
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A.rsenic  is  derived  from  iron  pyrites  being  used  as  the 
source  of  the  sulphur  dioxide  ;  arsenic  may  be  detected 
in  the  sulphuric  acid  by  diluting  it  with  water,  and 
passing  a  stream  of  sulphuretted  hydrogen  gas  through 
it,  when  a  yellow  precipitate  of  sulphide  of  arsenic  is 
produced,  if  that  impurity  is  present,  or  it  may  be 
detected  by  Marsh's  test  (see  page  319) ;  sulphuric  acid 
can  be  manufactured  free  from  arsenic  by  employing 
Sicilian  sulphur  in  the  place  of  iron  pyrites.  Nitrogen 
tetroxide  is  derived  from  the  atmosphere  of  the  leaden 
rhambers ;  it  can  be  detected  by  shaking  the  strong 
sulphuric  acid  with  powdered  ferrous  sulphate,  which 
will  turn  of  a  dark  colour  if  any  nitrogen  tetroxide  be 
present.  Sulphuric  acid  can  be  freed  from  this  im- 
purity by  boiling  with  a  few  crystals  of  ammonium 
sulphate,  when  ammonium  nitrite  is  formed,  and  im- 
mediately decomposed  by  the  heat  into  nitrogen  and 
water  (NH^^NO,  =       +  2H„0). 

Test. — Sulphuric  acid,  or  a  soluble  sulphate,  gives 
with  solution  of  barium  nitrate  or  chloride  a  white 
precipitate,  which  is  insoluble  in  strong  hydrochloric 
acid,  or,  in  fact,  in  any  acid. 

NORDHAUSEN  OR  FUMING  SULPHURIC 

ACID. 

This  is  a  commercial  form  of  strong  sulphuric  acid 
containing  sulphuric  anhydride  in  solution,  the  fumes 
which  it  gives  off  on  exposure  to  the  air  being  caused 
by  the  liberation  of  this  sulphuric  anhydride.  Its 
composition  is  sometimes  indicated  by  the  formula 
HjSO^,  SO.,,  but  this  is  not  correct,  as  it  is  not  a 
definite  chemical  compound.  It  is  obtained  by  first 
drying  crystallised  ferrous  sulphate  (FeSO^,  7Ht,0), 
which  loses  six-sevenths  of  its  water,  having  then  the 
formula  FeSOj,  HoO,  and  then  strongly  heating  this 
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diied  ferrous  sulphate  in  clay  or  earthenware  retorts, 
when  the  fuming  sulphuric  acid  distils  over,  ferric 
oxide  (FooO.J  being  left  in  the  retort. 


SULPHURETTED  HYDROGEN. 
Formula^  HjS. 

This  gas  is  analogous  to  water  in  its  composition  : 
the  one  being  an  oxide  of  hydrogen  (H^O),  tlie  other 
a  sulphide  of  hydrogen  (H^S). 

Modes  of  preparation. — (i)  This  gas  is  gener- 
ally prepared  for  laboratory  purposes  by  the  action  of 
sulphuric  acid  on  sulphide  of  iron. 

FeS     +     HoSO^.     =     FeSO.^     +  H.S 

Ferrous  Sulphuric  Ferrous  Sulphuretted 

sulphide.  acid.  Bulpliate.  hydrogen. 

Small  lumps  of  sulphide  of  iron  are  placed  in  a 
gas-generating  bottle  provided  with  a  long  funnel 
(Fig.  19),  and  are  covered' with  water;  strong  sul- 
phuric acid  is  then  poured  down  the  funnel  till  a 
brisk  evolution  of  the  gas  occurs ;  it  is  then  allowed 
to  pass  through  some  water  in  a  wash-bottle,  and 
thence  into  whatever  solution  it  is  required  to  be 
passed  into. 

(ii)  It  may  also  be  prepared  by  the  action  of 
hydrochloric  acid  on  the  native  sulphide  of  antimony. 

SbgSg    +    6HC1    =    2SbOl3    -f  SHjS 

Antimony        Hydrochloric        Antimony  Sulphuretted 
sulphide.  acid.  chloride.  hydrogen. 


(iii)  Pure  sulphuretted  hydrogen,  such  as  should 
be    employed   in   toxicological   inquiries,   may  be 
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obtained  by  the  action  of  liydrocliloric  acid  on  calcium 
-iilphide. 

CaS    +    2HC1    =    CaCl.    +  H^S 

Calchvm        Hydrochloric         Calcium  SiUpliuretted 
sulphide  acid  chloride.  hydrogen. 

The  calcium  sulpliide  is  employed  in  the  form  of 
small  cubes,  which  are  prepared  by  mixing  powdered 
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Fiff.  19.— Freparation  of  Sulphuretted  Hydrogen. 

calcium  sulphide  with  sufficient  anhydrous  calcium 
sulphate  and  water  to  form  a  thick  paste,  which  is 
spread  out  on  a  plate,  cut  into  cubes,  and  dried. 

(iv)  Sulphuretted  hydrogen  can  be  obtained  in 
iinall  quantities  by  direct  union  of  its  elements,  as 
when  hydrogen  is  passed  over  heated  sulphur. 

Properties. — The  specific  gravity  of  sulphuretted 
liydrogen  is  17,  and  it  is  somewhat  heavier  than  air; 
it  is  a  combustible  gas,  burning  with  a  pale  blue 
lame,  and  producing  sulphur  dioxide  and  water ;  it 
s  not  a  supporter  of  combustion.  Sulphuretted 
lydrogen  is  a  colourless  gas,  but  possesses  a  peculiar 
md  very  disagreeable  odour,  similar  to  that  of  rotten 
!ggs,  and  an  unpleasant  taste.    Water  at  ordinary 
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temperatures  dissolves  about  three  times  its  volume 
of  the  gas ;  but  if  the  solution  is  kept  in  a  bottle  half 
full  of  air,  the  sulphuretted  hydrogen  is  gradually 
decomposed  by  the  oxygen  of  the  aii-,  sulphur  be- 
coming deposited  (SHgS  +  03  =  ^HjO  +  So).  Sul- 
phuretted hydrogen  is  a  poisonous  gas ;  it  can  be 
liquefied  by  pressure.  In  a  high  state  of  dilution, 
sulphuretted  hydrogen  is  contained  in  some  mineral 
waters  used  for  medicinal  purposes :  e.g.  those  of 
Harrogate  and  Aix-la-Chapelle ;  it  is  also  evolved 
during  the  putrefactive  decomposition  of  animal 
matter,  eggs,  etc. 

The  slow  blackening  of  oil-paintings  is  due  to  the 
conversion  of  the  lead  of  the  paint  into  the  black 
sulphide  of  lead  by  slight  traces  of  sulphuretted 
hydrogen  in  the  air,  these  traces  being  derived  partly 
from  coal-gas  and  partly  from  minute  quantities 
evolved  from  the  human  body.  If  chlorine  is  brought 
in  contact  with  sulphuretted  hydrogen  the  disagree- 
able smell  of  the  latter  immediately  disappears,  due 
to  the  decomposition  of  the  gas  by  the  chlorine,  with 
liberation  of  sulphur  (2H2S  -f  2Clo  =  4HC1  +  S.). 
As  most  of  the  metallic  sulphides  are  insoluble  ia 
water,  therefore  sulphuretted  hydrogen  precipitates 
many  of  the  metals  from  solutions  of  their  salts,  and 
hence  is  of  great  use  in  the  separation  of  many  of  the 
metals  for  analytical  purposes.  The  following  equa- 
tions show  the  action  of  sulphuretted  hydrogen  on 
some  of  the  metallic  salts  ; 


HgCl.    4-    H3S  = 

Mercuric  Sulphuretted 
cliloricle.  hydrogen. 


HgS    -f  2HC1 

Mercuric  Hydrochloric 
sulphide.  acid. 


CuSOj.    +    H3S    =    CuS    +  HoSO^ 

Copper  Sulphuretted       Copper  Sulphuric 

sulphate,  hydrog-en,         sulphide.  acid. 
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Pb(aH,0,). 

Lead 
acetate. 

2Bi(N03)3 

Bismuth 
nitrate. 

2H3ASO3 
Arseuious 
acid. 


+    H^S  = 

Sulphuretted 
hydrogen. 

+    SHoS  = 

Sulphuretted 
hydrogen. 

+    SHoS  = 

Sulphuretted 
hydrogen. 


PbS  + 

Lead 
sulphide. 


2HC2H3O2 
Acetic 
acid. 


61383     +  6HNO3 
Bismuth  Nitric 
sulijhide.  acid. 


AS2S3    +  GH.O 

Arseuious  Water. 


sulphide. 


Test. — Apart  from  its  odour,  which  is  very 
characteristic,  sulphuretted  hydrogen  may  be  detected 
by  its  blackening  a  piece  of  filter-paper  that  lias  been 
dipped  in  a  solution  of  lead  acetate ;  the  darkening 
is  due  to  the  formation  of  the  black  sulphide  of  lead. 

HYDROGEN  PERSULPHIDE. 

Formula,  HjSg. 

This  body  is  analogous  to  hydrogen  peroxide 
(HjOo)  in  its  composition.  It  may  be  obtained  by 
pouring  a  solution  of  potassium  pentasulphide  (K^S-) 
into  strong  hydrochloric  acid,  when,  in  addition  to 
the  liberation  of  sulphuretted  hydrogen  and  sulphur,  a 
heavy  oily  liquid  sinks  to  the  bottom,  which  is  the 
persulphide  of  hydrogen  in  a  somewhat  impure  con- 
dition. It  is  a  very  unstable  body,  readily  decom- 
posing into  sulphuretted  hydrogen  and  sulphur. 

THIOSULPHURIC  ACID. 

Formula.,  H2S2O3. 

This  acid  is  not  known  in  the  free  state,  but  only 
in  its  salts,  of  which  the  only  important  one  is  sodium 
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thiosulphate  (NaoS^O.^),  commercially  known  as  hyfo- 
sulphite  of  soda. 

Preparation   of  sodium  tliiosulpliate.— 

(i)  By  warming  together  for  some  time  a  solution  of 
sodium  sulphite  and  poAvdered  sulphur. 

2Na,S03    +    S,    =  SNaoSgOs 

Sodjuni  Sulpiur.  Sodium 

sulphite.  thiosulphate. 

(ii)  If  crude  calcium  sulphide  (the  alkali-waste 
obtained  in  the  manufacture  of  sodium  carbonate)  is 
exposed  to  the  air,  it  is  partly  converted  into  calcium 
thiosulphate  (CaS^O;,),  which  by  treatment  mtli 
sodium  carbonate  yields  the  soluble  sodium  thio- 
sulphate and  the  insoluble  calcium  carbonate. 

CaS.O..    -f    Na.CO.^    =    Na.S.O.,    +  CaCOg 

Calcium  Sodium  Sodium  Calcium 

thiosulphate.  carbonate.  thiostilphate.  carbonate. 

Properties. — Sodium  thiosulphate  is  so  named 
because  it  is  regarded  as  sodium  sulphate  (Na^SOJ 
from  which  one  atom  of  oxygen  is  withdrawn  and 
an  atom  of  sulphur  {Qiiov,  sulphur)  substituted  for  it. 
It  is  largely  employed  (under  the  commercial  name 
of  hyposulphite  of  soda)  in  photography,  on  accoinit 
of  the  property  that  it  possesses  of  dissolving  the 
bromide,  iodide,  and  chloride  of  silver,  provided  these 
compounds  have  not  been  changed  by  the  action  of 
light ;  a  sensitive  photographic  plate  is  covered  with 
a  thin  layer  of  one  or  more  of  these  silver  compounds, 
which  becomes  decomposed  on  those  parts  only  on 
which  the  light  has  fallen ;  to  make  the  picture 
permanent,  the  silver  salt  that  remains  unchanged 
is  removed  by  immersing  the  plate  in  a  solution  of 
hyposulphite  of  soda. 

Test.— If  to  a  solution  of  sodium  thiosulphate 
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some  hydrochloric  acid  be  added,  the  smell  of  sulphur 
dioxide  is  evolved,  and  sulphur  is  precipitated  after 
the  solution  has  stood  for  a  short  time.  This  reaction 
is  due  to  the  liberation  of  thiosulphuric  acid,  which, 
being  extremely  unstable,  is  quickly  decomposed  into 
sulphurous  acid  and  sulphur,  the  former  evolving 
sulphur  dioxide,  which  is  known  by  its  odour. 

Na.S.O.,    +    2HC1    =    HoSoO.,    +  2NaCl- 

Sodium  Hycb'ochloric       Thiosulphuric  Sodium 

thiosulphate.  acid.  acid.  chloride. 

2H2S.,03     =    2H2SO3     +  S3 

Thiosulplittric  Sulphurous  Sulphur, 

acid.  aci 


COMPOUNDS    OP    SULPHUR  AND 
CHLORINE. 

The  three  following  chlorides  of  sulphur  exist 
they  are  all  prepared  by  direct  union  of  sulphur  and 
chlorine : 

S._,C1.2   Disulphur  dichloride. 
SCL2    Sulphiu'  dichloride. 
SCI4    Sulphur  tetrachloride. 
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THE  METALLIC  ELEMENTS  AND  THEIR 
PRINCIPAL  COMPOUNDS. 


CHAPTER  I. 

CLASSIFICATION  OP  THE  METALS  POTASSIUM. 

Classification  of  the  Metals— Potassium — Natural  Compounds  of 
Potassium— Preparation  and  Properties  of  the  Metal  Potas- 
sium— Preparation  of  the  Potassium  Salts — Tests  for  Potas- 
sium. 

CInssificalioii  of  tlic  metals. — The  metals 
are  most  conveniently  arranged  in  groups  according 
to  the  properties  of  tlieir  oxides  and  sulphides.  The 
following  six  groups  include  all  tlie  important  metals. 
A  description  of  the  rarer  metals,  the  salts  of  which 
are  not  employed  in  medicine  nor  for  technical  pur- 
poses, will  be  unnecessary  in  this  book  : 

Group  I.  Metals  of  the  alkalies. — Potassium, 
sodium,  lithium.  These  metals  form  oxides,  which 
with  water  produce  soluble  hydrates,  possessing  a 
powerfully  alkaline  reaction. 

Grouj)  II.  Metals  of  the  alkaline  earths. — Calcium, 
barium,  magnesium,  strontium.  These  metals  yield 
oxides,  which  are  slightly  soluble  in  water,  producing 
hydrates  of  a  faintly  alkaline  reaction. 

Group  III.  Metals  of  the  earths. — Aluminium  and 
some  of  the  rarer  metals.  These  metals  yield  oxides 
completely  insoluble  in  water. 
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Group  IV. — Iron,  manganese,  chromium,  zinc, 
cobalt,  nickel.  These  metals  yield  sulphides  insoluble 
in  water,  but  mostly  soluble  in  dilute  acids ;  they  are 
therefore  precipitated  by  ammonium  sulphide,  but 
not  by  sulphuretted  hydrogen  passed  through  acid 
solutions  of  their  salts. 

Group  v.— Copper,  mercury,  lead,  arsenicum, 
antimony,  bismuth,  tin.  These  metals  yield  sulphides 
insoluble  in  water  and  in  dilute  acids ;  they  are 
therefore  precipitated  when  sulphuretted  hydrogen 
is  passed  through  acid  solutions  of  their  salts. 

Group  VI.  Noble  metals. — Gold,  platinum,  silver. 
These  metals  do  not  oxidise  when  exposed  to  the  air 
at  any  temperature. 

In  the  description  of  the  metals  which  will  now 
be  given,  the  following  order  of  treatment  will  be 
adopted  with  each  metal : — (i)  A  descrijjtion  of  the 
compounds  of  the  metal  occurring  in  nature,  (ii) 
The  preparation  of  the  metal  from  one  or  more  of  its 
natural  compounds,  together  with  the  physical  and 
chemical  properties  of  the  metal,  (iii)  The  prepara- 
tion of  all  the  important  salts  of  the  metal,  together 
with  their  principal  properties,  (iv)  The  analytical 
tests  for  the  metal. 

POTASSIUM. 

Symbol,  K  ;  formula,  K.„ ;  monad  ;  atomic  tveiglit,  39  ; 
molecular  weight,  78. 

Natural     roiiipoiiiids     of  potassjuni.— 

(i)  Potash  felspar  double  silicate  of  aluminium 
and  potassium)  in  granite  rocks  is  the  original  source 
of  the  potassium  salts.  Plants  possess  the  property 
of  separating  and  assimilating  the  potash  from  rocks 
and  soils,  storing  it  up  in  their  tissues  in  the  form  of 
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potassium  salts  of  organic  acids  (tartrate,  citrate, 
nialate,  etc.).  On  burning  tlie  wood  of  plants  these 
organic  salts  are  converted  by  the  heat  into  the  car- 
bonate of  potassium,  which  in  a  somewhat  impure 
condition  constitutes  wood-ash  or  pearl-ash,  from 
which  the  carbonate  of  potassium  is  extracted  by 
water,  (ii)  Saltpeti'e  or  nitre  is  native  nitrate  of 
potassium  {see  page  122).  (iii)  Carnallite  is  a  double 
chloride  of  potassium  and  magnesium  found  in 
Stassfurt,  in  Germany.  (iv)  Argol  is  the  crude 
acid  tartrate  of  potassium,  or  cream  of  tartar 
(KHC^H^O(j),  found  as  a  deposit  in  wine  casks. 
Acid  tartrate  of  potassium  is  originally  present  in 
solution  in  the  juice  of  the  grape ;  and  whilst  this 
undergoes  fennentation  in  the  preparation  of  wines, 
the  grape  sugar  becomes  converted  into  alcohol,  the 
latter  throwing  the  acid  tartrate  of  potassium  out  of 
solution  (it  being  insoluble  in  alcohol).  The  acid 
tartrate,  carrying  down  with  it  some  of  the  colouring 
matter  of  the  juice,  constitutes  the  deposit  known  as 
argol. 

Preparation  of  the  metal  potassium.— 

This  metal  is  obtained  by  distilling  potassium  car- 
bonate with  charcoal. 


KgCO,    +    Co    =    K2    +  3C0 

Potassium         Charcoal.    Potassium.  Carbon 
carbonate.  monoxide. 


Properties  of  the  metal.  —  Potassium  is  a 
metal  of  a  silver-white  colour  and  possesses  a  bright 
lustre  when  a  piece  of  it  is  freshly  cut,  the  cut  sur- 
face rapidly  tarnishing,  liowever,  on  account  of  the 
action  on  it  of  the  oxygen  of  the  air,  which  forms  a 
film  of  potassium  oxide  ;  on  account  of  this  strong 
affinity  of  potassium  for  oxygen,  the  metal  has  to  be 
kept  immersed  in  mineral  naphtha,  a  liquid  free  from 
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oxygen,  otherwise,  if  potassium  be  kept  exposed  to  the 
air,  it  is  soon  completely  converted  into  potassium 
oxide  (K^O).  Potassium  is  a  metal  that  is  lighter 
than  water,  and  therefore  floats  when  thrown  on  the 
surface  of  water ;  at  the  same  time  it  energetically 
decomposes  the  water,  forming  potassium  hydrate,  and 
liberating  one-half  of  the  hydrogen.  On  account  of  the 
violent  chemical  action,  sufficient  heat  is  produced  to 
ignite  this  escaping  hydrogen,  which,  from  the  presence 
of  a  little  potassium  in  it,  burns  with  a  lavender- 
coloured  flame. 

K,    +    2H2O    =    2KH0  + 

Potassium.         Water.  Potassium  Hydrogen. 

hydrate. 

On  sulphuric  and  hydrochloric  acids  potassium 
acts  with  explosive  violence,  forming  respectively 
potassium  sulphate  and  chloride,  and  liberating  the 
hydrogen. 

Potassium  Salts. 

Potassium    hydrate   or   caustic  potash 

(KHO). — Prepared  by  boiling  together  potassium 
carbonate,  slaked  lime,  and  water,  and  filtering  from 
the  insoluble  calcium  carbonate  produced. 


K2CO3    -I-  Ca(H0)2 

Potassiiun  Slaked 
carbonate.  lime. 


=    2KH0    -I-  CaC03 

Potassium  Calcium 
hydrate.  carbonate. 


Potassium  bicarbonate  (KHCO.,).  Pre- 
pared by  jiassing  a  stream  of  carbon  dioxide  througli 
a  cold  saturated  solution  of  potassium  carbonate. 


K2CO.,  +  CO2  +  HgO 

Potassium  Carbon  Water, 

carbonate.  dioxide. 


2KHCO3 
Potassium 
bicarbonate. 
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The  potassium  bicarbonate  being  less  soluble  tlian 
the  carbonate,  crystallises  out  as  it  is  formed.  If 
boiling  water  be  added  to  potassium  bicarbonate,  it  is 
resolved  into  the  carbonate,  with  evolution  of  carbon 
dioxide. 

2KHCO3         =         KgCOg          +  COo          +  HgO 

Potassium  Potassium  Carbon  Water, 

■bicarbonate.  carbonate.  dioxide. 

It  should  not,  on  this  account,  be  dissolved  in  hot 
water. 

Potassium  acetate  (KCjHgOj). — Prepared  by 
neutralising  acetic  acid  witli  potassium  carbonate. 

K2CO3    +     2HC3H3O0    =    2KC2H3O2  + 

Potassium  Acetic  acid.  Potassium 

carbonate.  acetate. 

CO3      +      H3O  . 
Carbon  Water, 
dioxide. 

Potassium  tartrate  {KgCjH^Pg). — Prepared  by 
neutralising  ])otassium  acid  tartrate  (cream  of  tartar), 
dissolved  in  boiling  water,  with  potassium  carbonate. 

K2CO3    +    2KHC,H,0e    =    2K2C,H,0,  + 

Potassium  Potassium  Potassium 

carbonate.  acid  tartrate.  tartrate. 

COo    +  H3O 

Carbon  Water, 
dioxide. 

Potassium  citrate  l^.fjf^S')r>j. — Prepared  by 
neutralising  a  solution  of  citric  acid  with  potassium 
carbonate. 
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SKoCO.,    +    2H.5CgH-07    =    2K3CeH507  + 

Potassium  Citric  acid.  Potassium 

carbonate.  citrate. 

SCOg   +  3H2O 

Carbon  Water, 
dioxide. 

Potassium  citrate  is  also  prepared  by  the  action 
of  citric  acid  on  potassium  bicarbonate ;  the  ordinary 
effervescing  mixture,  frequently  administered  to  fever 
patients,  is  produced  by  mixing  a  dose  of  the  mixture 
containing  in  solution  20  grains  of  potassium  bicar- 
bonate, with  1 6  grains  of  powdei-ed  citric  acid,  the 
dose  being  drunk  during  effervescence ;  by  using  these 
quantities,  a  slight  excess  of  citric  acid  is  employed 
over  and  above  what  is  required  to  neutralise  the 
potassium  bicarbonate,  and  so  an  agreeable  acidity  is 
given  to  the  mixture. 

Potassium  siilpliate  (KjSOJ. — Prepared  by 
neutralising  sulphuric  acid  with  potassium  carbonate. 

K2CO3       +       H^SO^      =       KgSO.^       +       CO3       +  HgO 

Potassium         Sulpburic         Potassium        Carbon  Water, 
carbonate.  acid.  sulphate.  dioxide. 

Also  obtained  as  a  bye-product  in  the  preparation 
of  nitric  acid  from  potassium  nitrate  and  sulphuric 
acid. 

2KNO:5    +    HjSO^    =    K^SCt    +  2HNO3 

Potassium  Sulphuric  Potassium  Nitric 

nitrate.  acid.  sulphate.  acid. 

Potassium  nitrate  (KNO.,). — Found  in  nature 
as  nitre  or  salt2)etre.  It  may  be  prepared  by  neutral- 
ising nitric  acid  witli  potassium  carbonate.  This  salt 
is  largely  employed  in  the  manufacture  of  gunpowder, 
which  is  a  mixture  of  charcoal,  sulphur,  and  nitre; 
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when  the  gunpowder  is  fired,  the  oxygen  of  the  nitre 
converts  the  charcoal  into  the  two  gaseous  oxides  of 
carbon,  carbon  monoxide  and  dioxide,  the  nitrogen  of 
the  nitre  is  set  free,  and  the  sulphur  unites  with  the 
potassium  of  the  nitre  to  form  potassium  sulpliide, 
which,  blown  into  the  air  in  minute  particles,  con- 
stitutes the  smoke.  The  explosive  violence  is  due  to 
tlie  sudden  expansion  of  the  large  volume  of  the 
heated  gases  produced. 

Potassium  niti'itc  (KNOo).  —  If  potassium 
nitrate  be  heated  to  redness  for  some  time,  it  loses 
oue-third  of  its  oxygen,  and  potassium  nitrite  is 
formed. 

Potassiiiiu  cliloride  (KCl)  occurs  in  nature 
as  carnallite ;  it  can  be  prepared  by  neutralising 
liydrochloric  acid  with  potassium  carbonate. 

Potassium  iodide  (KI). — This  important  salt 
is  prepared  (i)  by  saturating  a  solution  of  caustic 
potash  with  iodine,  by  which  means  potassium  iodide 
and  iodate  are  obtained  in  solution. 

6KH0    +  =   5KI    +    KIO.5    +  3H2O 

Potoasium         Iodine.       Potassium       Potassium  Water, 
liydrate.  iodide.  iodate. 

(ii)  The  solution  is  then  evaporated  to  dryness, 
and  the  residue  is  mixed  with  charcoal  and  heated,  so 
as  to  convert  the  iodate  into  iodide ;  the  carbon 
abstracting  the  oxygen  from  tlie  iodate,  and  so  re- 
ducing it  to  the  iodide. 

2KI0.,    -H    3C3    =    2KI    +  6C0 

Potassium  Carbon.         Potassium  Carbon 

iodate.  iodide.  monoxide. 

(iii)  The  roasted  mass  on  cooling  is  boiled  with 
water,  the  solution  of  potassium  iodide  is  filtered  from 
excess  of  charcoal,  and  is  then  evaporated  to  a  low 
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bulk,  and  set  aside  to  crystallise.  It  is  very  important 
that  the  iodate  of  potassium  should  be  completely  con- 
verted into  iodide,  as  any  acid  possesses  the  property 
of  liberating  iodine  from  a  mixture  of  the  two  salts ; 
and  since  iodide  of  potassium  is  frequently  administered 
in  medicine  in  very  large  doses,  if  it  contained  iodate 
the  hydrochloric  acid  of  the  gastric  juice  would  liberate 
iodine  from  the  two  salts  within  the  stomach,  and  so 
the  iodine  might  be  set  free  in  poisonous  quantities. 
The  hydrochloric  acid  of  the  gastric  juice  would  first 
liberate  from  the  iodide  and  iodate  hydriodic  and 
iodic  acids  respectively. 

5KI    +    KIO3    +    6HC1    =    5HI  + 

Potassium         Potassium       Hydrochloric  Hydriodic 
iodide.  iodate.  acid.  acid. 

HlOg    +  6KC1 

Iodic  Potassium 
acid.  chloride. 

These  two  acids  would  then  by  their  action  on  one 
another  produce  free  iodine  and  water. 

5HI    +    HIO3    =    SIg    +  3H3O 

Hydriodic  Iodic  Iodine.  Water, 

acid.  acid. 

Potassium  bromide  (KBr).— This  salt  is 
prepared  in  a  similar  manner  to  the  iodide,  with  the 
substitution  of  bromine  for  iodine.  Solution  of  caustic 
potash  is  saturated  with  bromine,  by  which  means 
potassium  bromide  and  bromate  are  produced. 

6KH0    +    SBr,    =    5KBr    +    KBrO.,  + 

Potassium  Bromine.         Potassium  Potassium 

hydrate.  bromide.  bromate. 

3H,0 

Water. 
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The  solution  is  then  evaporated  to  dryness,  and 
the  residue  is  mixed  with  charcoal  and  heated,  in 
order  to  reduce  the  bromate  to  bromide. 

2KBr03    +  =    2KBr    +  600 

Potassium  Carbon.         Potassium  Carbon 

bromate.  bromide.  mouoxide. 

From  the  roasted  mass  the  bromide  is  extracted  in 
a  similar  way  to  that  employed  in  the  extraction  of 
the  iodide. 

Potassium  inaiig-anate  (K2MnOj). — Prepared 
by  fusing  together  in  a  crucible  caustic  potash,  potas- 
sium clilorate  and  manganese  dioxide,  and  extracting 
the  mass  with  cold  water,  when  a  green  -  coloured 
solution  of  potassium  mauganate  is  obtained. 

GKHO    +    KOIO3    +    SMnOj   =    SKoMnO^  + 

Potassium  Potassium  Manganese  Potassium 

hydrate.  clilorate.  dioxide.  mauganate. 

KOI    +  SHoO 

Potassium  Water, 
chloride. 

Tliis  solution  of  potassium  manganate  is  used  as  a 
disinfectant  under  the  name  of  Condi/s  green  fluid ; 
it  acts  partly  as  a  germicide,  and  partly  by  the  readi- 
ness with  which  it  oxidises  organic  substances.  It  is 
not  employed  so  much  as  the  permanganate,  which  is 
a  better  and  more  powerful  disinfectant. 

Potassium  permang^anate  (KMnO^).^ — This 
salt  is  also  kiaown  as  the  red  manganate  of  potash,  and 
as  a  disinfectant  is  largely  used  nnder  the  name  of 
Condy'sred fluid.  It  is  obtained  from  the  manganate 
by  the  abstraction  of  one-half  of  the  potassium,  which 
can  be  effected  either  by  boiling  the  solution  of  the 
green  manganate,  or  by  passing  a  stream  of  carbon 
dioxide  or  of  chlorine  through  it.    In  the  first  two 
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oases  one-half  of  the  potassium  is  removed  i^espec- 
tively  as  potassium  hydrate  and  carbonate,  some 
manganese  dioxide  being  precipitated ;  in  the  last 
case  one-half  of  the  potassium  is  abstracted  as  potas- 
sium chloride. 


SKjMnO^t      +      2H2O      =    2KMn04  + 

Potassium  Water.  Potassium 

manganate.  permanganate. 


4KH0    -f  MnOg 

Potassium  Manganese 
hydrate.  dioxide. 


SK.MnO^      +      2CO2  =      2KMn04  -f 

Potassium  Carbon  Potassium 

manganate.  dioxide.  permanganate. 

2K2CO3    -f  -MnOg 

Potassium  Manganese 

carbonate.  'dioxide. 


2K2MnO^    +    CI2    =    2KMnO^    +  2KC1 

Potassium  Chlorine.  Potassium  Potassium 

[manganate.  permanganate.  chloride. 

By  evaporating  the  deep  red  solution  to  a  low 
bulk  and  allowing  it  to  cool,  potassium  permanganate 
separates  in  long,  dark-red,  almost  black,  needles, 
wit!  I  somewhat  of  a  metallic  lustre.  Potassium  per- 
manganate is  one  of  the  most  powerful  oxidising 
agents  known,  and  is  also  a  powerful  disinfectant ; 
as  a  disinfectant  it  acts  in  a  similar  manner  to  the 
manganate,  partly  by  being  a  powerful  germicide,  and 
partly  by  the  i-eadiness  with  which  it  oxidises  organic 
subsUmces ;  when  it  is  being  so  employed,  the  red 
solution  loses  its  colour,  a  brown  deposit  of  manganese 
dioxide  being  produced ;  the  splitting  up  of  potassium 
permanganate  when  employed  as  a  disinfectant  is 
shown  in  the  following  equation  : — 


220 


Chemistry. 


[Part  III. 


4KMn04      +      2H3O     =      4MnO„  + 

Potassium  Water.  Manganese 

permanganate.  dioxide. 

4KH0    +  3O2 

Potassium  Oxygen, 
hydrate. 

On  account  of  the  staining  that  would  result  from 
the  deposition  of  tlie  manganese  dioxide,  a  solution  of 
potassium  permanganate  should  never  be  .employed  in 
the  disinfection  of  linen  or  of  articles  of  clothing. 

Siilplitirated  potnsli — This  preparation,  which 
is  a  mixture  of  potassium  pentasulphide  (KjSg)  and 
potassium  sulphate  (KjSO^),  is  obtained  by  fusing 
together  potassium  carbonate  and  sulphur.  It  is  an 
unstable  preparation  and  was  formerly  known  as 
liver  of  sulphur. 

Potassium  ehloratc.    (See  page  145.) 

Potassiiiiii  cyanide,  cyanate,  fcrrocyaii- 
ide,  and  ferri cyanide. — These  salts  will  be  de- 
scribed in  the  Organic  Chemistry  Section  (see  pages 
386,  388,  392,  394). 

Tests  for  Potassium. 

(i)  If  a  potassium  salt,  or  a  solution  of  a  potassium 
salt,  be  introduced  on  a  loop  of  platinum  wire  into  a 
Bunsen  flame,  a  characteristic  lavender  tint  will  be  im- 
parted to  the  flame.  If  a  sodium  salt  be  also  present, 
the  yellow  colour  imparted  by  the  sodium  to  the  flame 
will  entirely  mask  the  lavender  tint  produced  by  the 
potassium  salt ;  but  if  such  a  flame  be  viewed 
through  a  piece  of  dark-blue  glass,  the  yellow  sodium 
rays  will  be  absorbed  by  the  blue  of  the  glass,  while 
the  lavender-coloured  rays  produced  by  the  potassium 
salt  will  pass  through  the  glass  unchanged. 

(ii)  If  a  solution  of  a  potassium  salt  contained 
in  a  watch-glass  be  acidulated  with  hydrochloric  acid, 
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and  tlieu  a  few  drops  of  platinic  chloride  added,  and 
the  mixture  well  stirred  with  a  glass  rod,  a  yellow 
crystalline  deposit  of  the  double  platinum  and  potas- 
sium chloride  (PtClt,2KCl)  will  be  formed.  A 
similar  reaction  is  also  produced  with  ammonixim 
salts. 

(iii)  If  to  a  concentrated  solution  of  a  potassium 
salt  a  strong  solution  of  tartaric  acid  be  added,  and 
the  mixture  then  be  well  shaken  or  stirred,  a  white 
granular  or  crystalline  precipitate  of  potassium  acid 
tartrate  (KHC^H^Og)  will  be  formed 
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CHAPTER  II. 

SODIUM — LITHIUM. 

Sodium — Natural  Compounds  of  Sodium— Preparation  and  Proper- 
ties of  the  Metal  Sodium — Preparation  of  the  Sodium  Salts — 
Leblanc  process — Ammonia-Soda  process — Test  for  Sodium — 
Lithium — Natural  Compounds  of  Lithium — Preparation  and 
Properties  of  the  Metal  Lithium— Preparation  of  the  Lithium 
Salts — Test  for  Lithium. 

SODIUM. 

Symbol,^ a> ;  formula,  Na^  ;  monad;  atomic  weight,  23  ; 
molecular  weight,  46. 

IVatural  compounds  of  sodium.— (i)  Sodium 
chloride  is  the  principal  sodium  compound  occurring 
in  nature ;  in  the  solid  form  it  occurs  as  common  salt, 
or  rock  salt;  in  solution  it  is  present  in  large  quan- 
tities in  sea-water,  (ii)  Sodium  nitrate,  known  as 
cubic  nitre  or  Chili  ^altjoetre,  occurs  in  immense  quan- 
tities in  South  America.  (iii)  Just  as  potassium 
salts  are  present  in  land  plants,  and  leave  the  car- 
bonate when  the  plants  are  burnt,  so  sodium  salts  are 
present  in  sea- weeds,  and  are  left  as  sodium  carbon- 
ate when  sea- weeds  are  burnt  (see  page  152).  (iv) 
Cryolite  is  a  double  aluminium  and  sodium  fluoride 
(Al.Fg.GNaP). 

Preparation  of  the  metal  sodium. — This 
metal  is  prepared  by  a  similar  process  to  that  em- 
ployed in  the  preparation  of  potassium,  viz.  by 
distilling  sodium  carbonate  with  charcoal. 


NaoCO.,    +    Co    =    Nag    +  300 

Sodium  Carbon.         Sodium.  Carbon 

carbonate.  monoxide. 
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Properties  of  the  metal.— Sodium  very  much 
resembles  potassium  in  many  of  its  properties.  It  is 
a  metal  of  a  silver-white  colour  and  possesses  a 
bright  lustre  when  freshly  cut,  the  cut  surface  rapidly 
tarnishing,  however,  on  account  of  its  uniting  with 
the  oxygen  of  the  air  to  form  a  film  of  sodium  oxide ; 
it  is  on  account  of  this  powerful  affinity  of  sodium 
for  oxygen  that  the  metal  has  to  be  kept  immersed  in 
minei'al  naphtha,  a  liquid  free  from  oxygen ;  as  other- 
wise, if  kept  exposed  to  the  air.  it  would  become  com- 
pletely converted  into  sodium  oxide  (Na^O).  Sodium 
is  lighter  than  water,  and  therefore  floats  when 
thrown  on  it,  at  the  same  time  decomposing  the  water 
energetically,  forming  sodium  hydrate,  and  liberating 
one-half  of  the  hydrogen  of  the  water. 

Na,    -I-    2H2O    ^    2NaH0  + 

Sodium.  Water.  Sodium  Hydrogen. 

hydrate. 

There  is  not  as  much  heat  generated  by  the  action 
of  sodium  on  water  as  by  potassium  on  water,  and 
therefore  during  the  action  of  sodium  on  water  the 
escaping  hydrogen  is  not  ignited ;  but  if  the  movements 
of  the  sodium  on  the  surface  of  the  water  be  restrained, 
as,  for  instance,  by  throwing  a  piece  of  sodium  on  to 
wet  blotting-paper,  when  it  remains  fixed  in  one  spot, 
then  the  heat,  being  concentrated  at  this  one  spot,  is 
sufficiently  intense  to  ignite  the  escaping  hydrogen. 
On  sulphuric  and  hydrochloric  acids  sodium  acts  with 
explosive  violence,  foi'ming  respectively  sodium  sul- 
phate and  chloride,  and  liberating  the  hydrogen. 

Sodium  Salts. 

Sodium  carbonate  (NagCOg).  —  This  salt, 
commonly  known  as  washing-soda,  is  manufactured 
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on  an  enormous  scale  from  common  salt  (NaCl). 
There  are  two  methods  of  manufacturing  sodium  car- 
bonate on  a  large  scale,  one  known  as  the  Lehlanc 
])rocess,  the  other  and  more  recent  one  as  the  ainvionia- 
soda  process. 

Leblanc  p>i'ocess. — In  this  process  the  sodium  is 
furnished  by  common  salt  (NaCl),  and  the  carbonic 
radical  by  chalk  or  limestone  (CaCOg).  The  roasting 
of  these  two  substances  together  would  be  useless, 
since  even  if  sodium  carbonate  and  calcium  chloride 
were  found,  yet  they  could  not  be  separated  from  one 
smother,  for  both  being  soluble  in  water  they  would, 
on  the  addition  of  water,  react  on  one  another,  repi'O- 
ducing  sodium  chloride  and  calcium  carbonate.  The 
object  of  the  process  is  therefore  to  finally  obtain  an 
insoluble  calcium  compound  from  which  the  sodium 
carbonate  may  be  removed  by  solution  in  water. 
This  is  effected  by  the  following  steps  : — 

(i)  The  sodium  chloride  is  converted  into  sodium 
sulphate  by  the  action  of  strong  sulphuric  acid, 

2NaCl    +    HgSOt    =    NagSO^    -f  2HC1 

Sodium  Sulphuric  SocUum  Hydrocbloric 

cliloride.  acid.  sulphate.  acid. 

(ii)  The  sodium  sulphate  (salt-cake)  is  then  mixed 
with  small  coal  and  crushed  limestone,  and  the  mixture 
thoroughly  roasted  in  a  furnace ;  the  sodium  sulphate 
is  first  reduced  by  the  carbon  of  the  coal  to  sodium 
sulphide. 

NagSO^    +     2O2    =    NagS    +  4C0 

Sodium  Carbon.  Sodium  Carbon 

sulphate.  sulphide.  monoxide. 

Double  decomposition  then  takes  place  between  the 
sodium  sulphide  and  the  calcium  carbonate  (limestone), 
resulting  in  the  formation  of  sodium  carbonate  and 
calcium  sulphide. 
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NaoS  +    CaCO,,  = 

Sodium  Calcium 
sulphide.  ciirbonate. 


Na^COa    +  CaS 

SoSium  Calcium 
carbonate.  sulphide. 


(iii)  The  roasted  mass  (black-ash)  is  then  boiled 
with  water  in  order  to  dissolve  out  the  sodium  car- 
bonate, the  calcium  sulphide  remaining  insoluble ; 
the  latter  is  allowed  to  deposit;  the  solution  of 
sodium  carbonate  is  poured  off  and  evaporated  to 
dryness.  The  crude  sodium  carbonate  so  obtained 
is,  however,  impure,  from  the  presence  of  caustic  soda 
(sodium  hydrate).  This  has  been  formed  from  [a)  a 
portion  of  the  limestone  during  the  roasting  becoming 
converted  into  lime  (calcium  oxide), — 

CaCOg    =  '  CaO     +  CO2 

Calcium  Lime.  Carbon 

carbonate.  dioxide ; 

(6)  this  lime  during  the  treatment  with  water  becoming 
converted  into  slaked  lime  (calcium  hydrate),- — 

CaO     +     HoO    =  Ca(H0)2 

Lime.  Water.  Slaked  lime"; 


(c)  the  slaked  lime  then  decomposing  a  portion  of  the 
sodium  carbonate  with  formation  of  caustic  soda 
(sodium  hydrate)  and  calcium  carbonate, — 

NaoCOj    +    Ca(H0)2    =    2NaH0    +  CaCO^ 

Sodium  Calcium  Sodium  Calcium 

carbonate.  hydrate.  liydi-ate.  carbonate. 

(iv)  The  crude  sodium  carbonate  is  mixed  with 
sawdust,  and  the  mixture  is  thoroughly  roasted,  in 
order  to  convert  the  caustic  soda  into  the  carbonate  ; 
this  result  is  effected  by  the  caustic  soda  and  the 
sawdust  first  forming  sodium  oxalate  (Na^CiO,), 
p— 32  -  ^  ' 
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which,  under  the  influence  of  heat,  is  converted  into 
sodium  carbonate. 

Na^CgO^    =    NaoOO^    +  CO 

Sodium  Solium  Carbon 

oxalate.  carbonate.  monoxide. 

(v)  Finally  the  roasted  mass  is  extracted  with 
boiling  water,  the  solution  is  strained  and  concentrated 
by  evaporation,  and  on  cooling,  the  sodium  carbonate 
crystallises  out. 

Ammoniorsoda  process.  —  This  consists  in  mixing 
together  strong  solutions  of  common  salt  and 
ammonium  bicai'bonate  under  a  pressure  of  about  two 
atmospheres,  when  double  decomposition  takes  place 
with  the  formation  of  sodium  bicarbonate  and 
ammonium  chloride. 


NaCl    +  NH^HCOg 

Sodium  Ammonium 
chloride,  bicarbouate. 


=    NaHCOa   +  NH^Cl 

Sodium  Ammonium 
bicarbonate.  chloride. 


The  sodium  bicarbonate,  after  separating  out,  is 
converted  into  the  sodium  carbonate  by  heat. 

2KaHC03    =-    NagCOg    +    CO3    +  HoO 

Sodium  Sodium  Carbon  Water, 

bicarbonate.  carbonate.  dioxide. 

The  process  is  carried  out  in  the  following  manner. 
A  saturated  solution  of  common  salt  is  mixed  with 
solution  of  ammonia,  and  the  mixture  is  then  saturated 
with  carbon  dioxide  gas  under  a  pressure  of  two 
atmosphei'es. 

The  carbon  dioxide  converts  the  ammonia  into 
ammonium  bicarbonate,  which,  with  the  sodium 
chloride,  forms  sodium  bicarbonate,  and  this  not  being 
very  soluble  in  water,  separates  out,  is  filtered  oli' 
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under  pressure,  and  converted  into  the  normal 
carbonate  by  heating.  The  carbon  dioxide  gas  which 
is  then  given  off,  is  again  used  to  reconvert  the 
ammonia  which  is  recovered  from  the  ammonium 
chloride  into  ammonium  bicarbonate. 

Sodium  carbonate,  commonly  known  as  washing- 
soda,  is  largely  used  to  soften  water  for  washing 
purposes ;  the  water  is  usually  first  boiled,  by  which 
means  the  temporary  hardness  is  got  rid  of  {see  page  96), 
and  some  washing-soda  is  then  added  to  get  rid  of  the 
permanent  hardness,  which  is  mainly  due  to  calcium 
and  magnesium  sulphates ;  these  compounds  are  con- 
verted into  the  insoluble  calcium  and  magnesium 
carbonates  by  the  washing-soda. 

Sodium  bicarbonate  (NaHCOg)  is  prepared 
by  passing  a  stream  of  carbon  dioxide  through  a 
saturated  solution  of  sodium  carbonate,  when  the 
bicarbonate  separates  out,  on  account  of  its  lesser 
solubility. 

NaoCOg    -h    CO,    -f    HgO    =  2NaHC03 

So5ium  Carbon  Water.  Sodivun 

carbonate.  dioxide.  bicarbonate. 

Sodium  bicarbonate,  when  employed  in  medicine, 
should  not  be  dissolved  in  hot  water,  as  it  is  converted 
by  the  heat  into  sodium  carbonate. 

2NaHC0,    =    Na2C03    -f    COg    +  H^O 

Sodium  Sodium  Carbon  Water, 

bicarbonate.  carbonate.  dioxide. 

Sodium  iiydratc  or  caustic  soda  (NaHO)  is 
prepared  by  boiling  together  sodium  carbonate,  slaked 
lime,  and  water,  and  filtering  from  the  insoluble 
calcium  carbonate  produced. 
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NaoCOg    +  Ca(HO). 

Sodium  Calcium  " 

carbonate.  hydrate. 


2NaH0    +  OaCO., 

Sodium  Calcium 
hydrate.  carbonate. 


Sodium  stiipliate  (Na.SO  j).— This  salt,  a  saline 
purgative,  is  known  as  Glauber's  salt.  It  is  prepared 
either  by  neutralising  sulphuric  acid  with  sodium 
carbonate,  or  as  a  bye-product  in  the  preparation  of 
hydrochloric  acid  from  common  salt  and  sulphuric 
acid. 


Na^COg    +  HoSO.^ 

Sodium  Sulijhuric 
carboDate.  acid. 


Na.SOj    +    HoO  + 

Sodium  Water. 
suliJliute. 


COo 

Carbou 
dioxide. 


2NaCl    +  HoSO.t 

Sodium  Sulphuric 


chloride. 


acid. 


NaoSO.^    +  2HC1 

Sodium  Hydrochloric 
suljjhate.  acid. 


Soilium  pliosphatc  (Na^HPO.J  is  prepared  by 
partially  saturating  phosphoric  acid  with  caustic  soda. 
This  salt,  although  an  acid  phosphate  in  constitution, 
is  yet  alkaline  to  test-paper.  Another  sodium 
phosphate  (NaH^PO  J,  which  can  be  prepared  by  only 
one-third  neutralising  phosphoric  acid  with  caustic 
soda,  is  acid  to  test-pajjer,  and  to  it  the  acidity  of 
urine  is  normally  due. 

Sodium  ammonium  hydrogen  phosphate 
or  microcosuiic  salt  (NaNH^HPO^)  is  prepared 
by  mixing  boiling  solutions  of  sodium  phosphate  and 
ammonium  chloride. 


Na^HPO^  -f   NH^Cl   =   NaNH^HPO_i   -f  KaCl 

Sodium  Ammonium  Microcosmic  Sodimu 

Ijliospbate.  chloride.  salt.  chloride. 


Chap.  11.] 


Sodium  Salts. 


229 


It  is  used  in  blowpipe  tests,  as  it  yields,  when 
heated,  a  transparent  bead  of  sodium  metaphosphate. 


NaNH^HPO^    =    NaPOg    +    NH.^    +  HoO 

Microcosmic  Sodium  Ammonia.  Water, 

salt.  metaphospliate. 


Microcosmic  salt  occurs  in  stale  urine,  and  owes  its 
name  to  the  fact  that  it  was  formerly  obtained  from 
the  urine  of  man,  who  was  called  the  microcosmos,  or 
httle  ivorld. 

Sodium  arseiiiate  (Na:,HAs04)  is  prepared  by 
fusing  together  arsenious  oxide  (white  arsenic),  sodium 
carbonate,  and  sodium  nitrate,  and  dissolving  the  mass 
in  water. 


Ar'senious 
oxide. 


Na.,CO.,    +    2NaN0,  = 


Sodium 
carbonate. 


Sodium 
nitrate. 


Na^AsjO^ 

Sodium 
pyroorseniate. 


+ 


CO2 
Carbon 
dioxide. 


+  N2O3 
Nitrogen 
trioxide. 


Na^AsjO^ 

Sodium 
pyrcorseniate. 


+ 


H2O 
Water. 


SNa^HAsO^ 

Sodium 
arseniate. 


Sodium  li}i>opliospliite  (NaPH^Oo)  is  pre- 
pared either  by  boiling  phosphorus  with  solution  of 
caustic  soda  {see  page  187"),  or  by  decomposing  a  solu- 
tion of  calcium  hypophosphite  with  sodium  carbonate, 
when  calcium  carbonate  is  precipitated  and  sodium 
hypophosphite  remains  in  solution. 


Ca(PH202)2  +  Na.Cps  =  2NaPH202  +  CaCO., 


Calcium 
hypophosphite. 


Sodium 
carbonate, 


Sodium 
hypophosphite. 


Calcium 
carbonate. 
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Sodium  iodide  (Nal)  and  sodium  bromide 

(NaBr). — These  salts  are  prepared  in  similar  ways  to 
the  corresponding  potassium  salts,  substituting  caustic 
soda  for  caustic  potash  (see  pages  216,  217). 

Sodium  acetate  (NaCoHgOo)  is  prepared  by 
neutralising  acetic  acid  with  sodium  carbonate. 

2HaH302    +    Na.COg    =    2NaC2H303  + 

Acetic  acid.  Sodium  Sodium  "acetate, 

carbonate. 

CO2  + 
Carbon  Water, 
dioxide. 

Sodium  potassium  tartrate  (KNaC^H^Og). 
— This  salt,  which  is  largely  used  as  a  saline  purga- 
tive, is  known  as  Rochelle  salt;  it  is  prepared  by 
neuti-alising  a  hot  solution  of  potassium  acid  tartrate 
(cream  of  tartar)  with  sodium  carbonate. 

2KHC^H.^0g    +    Na3C03    =    2KNaC^H40fi  + 

Potassium  acid  Sodium  Sodium  potassium 

tartrate.  carbonate.  tartrate. 

CO2    +  HgO 

Carbon  Water, 
dioxide. 

This  salt  constitutes  the  main  ingredient  of  a 
Seidlitz  powder,  the  blue  packet  of  which  contains  a 
mixture  of  Rochelle  salt  and  sodium  bicarbonate, 
whilst  the  white  packet  contains  tartaric  acid  ;  the 
contents  of  the  blue  packet  are  first  dissolved  in 
water,  and  then  the  contents  of  the  white  packet 
added;  the  sodium  bicarbonate  is  neutralised  by  the 
tartaric  acid,  with  formation  of  sodium  tartrate  and 
copious  effervescence  of  carbon  dioxide  gas. 
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Sodium  Toi'tario  acid.  Sodium 

bicarbonate.  tartrate. 

2CO2  +  2H2O 
Carbon  Water, 
dioxide. 

But  as  the  white  packet  contains  a  slight  excess 
of  tavtai'ic  acid  over  and  above  what  is  required  to 
neutralise  the  bicarbonate,  this  slight  excess  of  acid 
will  convert  a  small  portion  of  the  sodium  tartrate 
into  the  acid  tartrate,  which  will  then  give  an  agree- 
able acidity  to  the  draught. 

Na,C,H,Oo    +    H,C,H,Oe    =  m^TLC^TLfi^ 

Sodium  Tartaric  acid.  Sodium  ocid 

tartrat*.  tartrate. 

So  that  when  the  contents  of  the  two  packets  con- 
stituting the  "  seidlitz  powder  "  are  mixed  in  water, 
three  salts,  all  of  them  saline  purgatives,  are  con- 
tained in  the  draught,  viz.  sodium  potassium  tartrate 
(Rochelle  salt),  sodium  tartrate,  and  sodium  acid 
tarti'ate. 

Sodiiun  citro-tai'trate. — This  effervescing  pre- 
paration, known  as  the  effervescing  citro-tartrate  of 
soda,  is  prepared  by  mixing  together  in  the  solid 
states,  sodium  bicarbonate,  citric  acid,  tartaric  acid, 
and  sugar,  and  then  carefully  heating  the  mass  until 
it  becomes  granular.  When  the  granules  are  dissolved 
in  water,  effervescence  takes  place,  with  the  production 
of  sodium  citro-tartrate. 

Sodniiii  hypochlorite.    (See  page  143.) 

Sodiiuii  thiosiilphate  or  hyposulphite. 
(See  page  208.) 

Sodium  borate.    (See  page  176.) 
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Te^t  foi-  Sodium. 

If  a  fragment  of  a  sodium  salt,  or  some  solution  of 
a  sodium  salt,  be  introduced  on  a  loop  of  platinum 
wire  into  a  Bunsen  Hame,  an  intense  yellow  colour 
will  be  communicated  to  the  flame ;  this  test  will  be 
rendered  all  the  more  trustworthy  by  observing  the 
effect  of  the  yellow-coloured  sodium  flame  upon  the 
skin  of  the  hand  when  held  near  the  flame,  the  skin 
then  appearing  of  a  ghastly  livid  colour. 

LITHIUM. 

Symbol,  Li ;  formula,  Lij  ;  monad  ;  atomic  weight,  7  ; 
molecidar  weight,  14. 

Natural  coiiipoiind^  of  lithium.  —  Lithium 
occui"S  in  the  minerals  lepidolite  and  petalite,  and  is 
also  found  in  minute  quantities  in  numerous  mineral 
springs. 

Preparation  and  properties  of  tiie  metal 

litliiuiu. — Lithium  can  be  prepared  by  electrolysis  of 
its  fused  chloride  ;  the  metal  depositing  on  the  nega- 
tive pole  and  chlorine  being  liberated  at  the  positive 
pole.  Lithium  is  the  lightest  solid  known ;  it  is  a  silver- 
Avhite  metal,  harder  than  potassium  or  sodium,  but 
oxidising  less  easily  than  those  metals  ;  its  cut  sui'- 
face,  however,  soon  tarnishes  from  absorption  of 
oxygen  and  formation  of  lithium  oxide,  and  it  is 
therefore  kept  immersed  in  mineral  naphtha.  Like 
potassium  and  sodium,  it  decomposes  water  when 
thrown  upon  it,  with  the  formation  of  lithium  hydrate 
and  hydrogen,  but  the  escaping  hydrogen  is  not 
inflamed. 
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Lithium  Salts. 

Lithium  carbonate  (LijCO.^)  is  jirepared  from 
lepidolite,  a  double  fluoride  of  potassium  and  lithium 
with  silicate  of  aluminium,  by  decomposing  it  with 
sulphuric  acid  to  form  the  three  soluble  sulphates  of 
potassium,  lithium,  and  aluminium,  adding  ammonia 
to  precipitate  the  aluminium,  filtering,  evapoi'ating  to 
dryness,  igniting  the  residue  to  expel  ammonia  salts, 
dissolving  the  potassium  and  lithium  sulphates  in  a 
small  quantity  of  water,  and  adding  potassium  car- 
bonate to  pi'ecipitate  the  carbonate  of  lithium. 

Lithiiun  bicarbonate  (LiHCO.,)  is  prepared 
by  suspending  lithium  carbonate  in  water,  and  passing 
carbon  dioxide  gas  through,  when  the  bicarbonate  is 
formed  and  dissolves  in  the  water. 

Li,C03    +    CO.    +    H2O    =  SLiHCOg 

Litliium  Carbou  Water.  Litliium 

carbonate.  dioxide.  bicarbonate. 

This  is  the  salt  that  is  present  in  lithia  water 
(Liquor  lithice  ej'ervescens),  a  preparation  that  is  fre- 
quently prescribed  for  gouty  persons,  the  object  being 
to  convert  the  slightly  soluble  sodium  urate^  which  is 
deposited  in  the  cartilages  of  joints  and  elsewhere  in 
gouty  svibjects,  into  the  more  soluble  lithium  ui-ate, 
and  so  secure  the  elimination  from  the  system  of  the 
excess  of  uric  acid. 

liithinm  citrate  (LigCgH-O.^)  is  prepared  by 
neutralising  a  solution  of  citric  acid  with  lithium  car- 
bonate. 

SLioCO,,    +    2H,C(.H50.    =    SLigCgH-O^  + 

Lithium  Citric  acid.  Lithium  citrate, 

carbonate. 

3CO2  +  m,o 

Carbon  Water. 
,  dioxide. 
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Test  for  Lithium. 

Lithium  salts  impart  a  magnificent  crimson  colour 
to  the  Bunsen  flame,  when  introduced  into  the  flame 
on  a  loop  of  platinum  wire ;  the  colour  is  rendered 
more  intense  by  previously  moistening  the  wire  with 
hydrochloric  acid,  so  as  to  form  lithium  chloride. 
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CALCIUM  BARIUM  MAGNESIUM  STRONTIUM. 

Calcium — Natural  Compounds  of  Calcium— Preparation  of  the 
Calcium  Salts — Mortars  and  Cements — Tests  for  Calcium — 
Barium — Natural  Compounds  of  Barium — Preparation  of  the 
Barium  Salts— Tests  for  Barium — Magnesium — Natural  Com- 
poiuids  of  Magnesium — Preparation  and  Properties  of  the 
Metal  Magnesium — Preparation  of  the  Magnesium  Salts — 
Test  for  Magnesium — Strontium. 

CALCIUM. 

Symbol,  Ca  ;  formula,  Caj  ;  dyad  ;  atomic  weight,  40  ; 
molecular  weight,  80. 

IVatural  compounds  of  calcium.— (i)  The 

chief  calcium  compound  found  in  nature  is  the  car- 
bonate, which  occurs  in  a  variety  of  forms ;  in  a  pure 
crystalline  form  it  occurs  as  Iceland  spar  and  calc  spar; 
in  less  pure  forms  it  constitutes  marble,  chalk,  lime- 
stone, oolite,  and  coral,  the  last  being  the  remains  of 
minute  sea-animals ;  the  shells  of  moUusca  and  the 
egg-shells  of  birds  consist  mainly  of  calcium  carbonate  ; 
stalactites  consist  of  a  porous  form  of  calcium  car- 
bonate, produced  by  the  evaporation  of  hard  water 
containing  the  calcium  bicarbonate  m.  solution  ;  they 
are  found  hanging  from  the  roofs  of  limestone  caves, 
(ii)  Calcium  sulphate  occurs  in  nature  as  alabaster, 
used  as  an  ornamental  stone  ;  as  selenite,  which  is 
found  in  transparent  plates,  and  is  used  for  optical 
purposes  ;  and  as  gypsiom,  a  form  of  calcium  sulphate 
containing  water  of  ci'ystallisation  (CaSO^,2HoO). 
By  heating  gypsum  for  some  time  at  130°  to  140°  C. 
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the  water  of  ciystallisation  is  expelled,  and  commer- 
cial inlaster  of  Paris  is  obtained ;  this,  if  mixed  with 
sufficient  water  to  form  a  paste,  sets  to  a  solid  in  a  short 
time,  due  to  the  plaster  of  Paris  (CaSO  J  uniting  with 
the  water  to  form  gypsum  (CaSO^^  2H2O),  a  body  in 
which  the  water  is  in  the  solid  state  of  crystallisa- 
tion. Plaster  of  Paris  is  largely  employed  in  this 
way  as  a  cement,  and  by  the  surgeon  to  form  a  rigid 
casing  for  fractured  limbs,  etc.  (iii)  Calcium  fluor- 
ide is  native  Jluor-sjmr.  (iv)  Calcium  phosphate  is 
the  principal  constituent  of  the  minerals  apatite  and 
phosijhorite.  (v)  Calcium  silicate  is  a  constituent  of 
many  rocks. 

Preparation  and  properties  of  the  metal 
calcium.. — This  is  a  rare  metal ;  it  may  be  prepared 
by  the  electrolysis  of  fused  calcium  chloride,  the 
calcium  being  deposited  upon  the  negative  pole.  It 
is  a  metal  of  a  pale  yellow  colour,  oxidising  in  the 
air,  and  decomposing  water  with  the  formation  of 
calcium  hydrate  and  hydrogen,  the  liberated  hydrogen, 
however,  not  being  inflamed. 


Calcium  Salts. 

Calcium  ciiloricle  (CaClo)  is  prepared  by  dis- 
solving chalk  or  marble  (^calcium  carbonate)  in  hydro- 
chloric acid. 

CaCO;,    +    2HC1    =    CaClo    +    CO,    +  H3O 

Calcium         Hydrocbloric        Calcium  Carbou  Water, 

carbonate.  acid.  chloride.  dioxide. 

Solid  calcium  chloride  is  one  of  the  most  hygro- 
scopic bodies  known ;  if  exposed  to  the  air  for  a  short 
time  it  becomes  liquid,  owing  to  its  absorbing  sufficient 
water  from  the  air  to  dissolve  in  ;  on  account  of  its 
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hygroscopic  properties  it  is  frequently  employed  to 
dry  gases. 

Calcium  carbonate  (CaCO.,). — This  compound, 
as  previously  mentioned,  occurs  native  in  several 
forms.  As  precijjitated  carbonate  of  lime,  it  is  prepared 
by  precipitating  a  solution  of  calcium  chloride  with  a 
solution  of  sodium  carbonate. 


CaCl, 

Calciiuu 
chloride. 


+  Na^COg 

Sodium 
carbonate. 


=    CaCOg  + 

Calcium 
carbonate. 


2NaCl 

Sodium 
chloride. 


Prepared  chalk  is  merely  washed  chalk  that  has 
been  worked  into  small  conical  lumps  and  then  dried ; 
if  washed  chalk  be  made  into  larger  rolls  it  constitutes 
ivhiti)ig. 

Calcituii  oxide  or  lime  (CaO)  is  prepared  by 
roasting  limestone  (calcium  carbonate)  until  all  the 
carbon  dioxide  is  expelled. 

CaCOg    =    CaO    +  CO2 

Calcium  Lime.  Carbon 

carbonate,  dioxide. 

The  manufacture  of  lime,  or  quicklime  as  it  is 
commonly  called,  is  carried  on  in  specially  constructed 
furnaces  called  lime-kilns.  Fig.  20  represents  such 
a  kiln,  which  is  constructed  of  fire-bricks,  and  is  filled 
with  pieces  of  limestone  (a).  A  fire  is  kept  up  at  the 
side  (b),  and  the  lime  is  raked  out  from  the  bottom  of 
the  kiln  (c)  as  it  is  produced,  fresh  limestone  being 
introduced  at  the  top  to  supply  its  place. 

Calcium  hydrate  or  slaked  lime  (Ca(HO).^) 
is  prepared  by  the  addition  of  water  to  lumps  of  quick- 
lime, when  considerable  heat  is  produced,  dne  partly 
to  the  chemical  action  taking  place  between  the  quick- 
lime and  the  water,  and  partly  to  the  conversion  of 
the  latent  heat  of  the  water  into  sensible  heat,  as  the 
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water  passes  from  the  liquid  state  into  the  solid  state 
in  which  it  exists  in  calcium  hydrate. 

CaO    +    HoO    =  Ca(H0)2 

Quicklime.  Water.  Slaked  lime. 

Lime-water  {Liquor  calcis,  B.  P.)  i.s  a  saturated 
solution  of  slaked  lime  in  water,  each  pint  contaming 
about  13   grains   of  calcium  hydrate  in  solution ; 


Fig.  20.— Section  of  Lime-Ziln. 


calcium  hydrate  is  much  more  soluble  in  an  aqueous 
solution  of  sugar,  and  such  a  solution  is  the  saccharated 
lime  water  [Liquor  calcis  saccharatus,  B.  P.),  which 
contains  about  14  times  as  much  slaked  lime  as 
ordinary  lime-water.  If  lime-water  be  exposed  to 
the  air  it  soon  diminishes  in  strength,  owing  to  the 
absorption  of  carbon  dioxide  from  the  air,  and  con- 
sequent precipitation  of  calciiim  carbonate. 

Slaked  lime  is  largely  employed  in  the  preparation 
of  mortar,  which  consists  of  slaked  lime,  sand,  and 
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water  mixed  so  as  to  form  a  paste.  Hydraulic 
mortars  or  cements  are  preparations  which,  when  mixed 
with  water,  solidify,  and  then  continue  to  harden  under 
water,  until  they  assume  a  stone-like  hardness  ;  such 
are  Eoman  cement  and  Portland  cement,  which  are 
obtained  by  calcining  a  mixture  of  limestone  and 
clay  ;  on  mixing  the  cement  with  water,  comjjounds  of 
lime  and  alumina  and  lime  and  silica  are  produced, 
which  set  to  a  hard  mass  impervious  to  water.  The 
advantage  of  lining  privies  and  cesspools  with  such  a 
cement  is  obvious,  as  percolation  of  sewage  matter 
into  the  soil  and  the  consequent  possible  contamina- 
tion of  drinking-water  are  thereby  prevented.  Concrete 
consists  of  hydraulic  cement  mixed  with  gravel  or 
crushed  pebbles. 

Calcium  phosphate  (Ca3(POj2)  is  prepared 
by  digesting  bone-ash  (impure  calcium  phosphate)  in 
hydrochloric  acid,  by  which  means  the  insoluble 
calcium  phosphate  is  converted  into  the  soluble  cal- 
cium superphosphate  or  acid  phosphate  and  calcium 
chloride. 

Ca3(PO^)2    -f    4HC1    =    CaH^(P0j2    +  2CaCl2 

Calcium  Hydrochloric  Calcium  Calcium 

phosphate.  acid.  acid  phosphate.  chloride. 

This  acid  solution  is  then  filtered  from  insoluble 
matter,  and  ammonia  added  to  precipitate  the  pure 
calcium  phosphate. 

CaH,t(P0J3    -f    2CaCl2    +    INH^HO  = 

Calcium  Calcium  Ammonium 

acid  phosphate.  chloride.  hydrate. 

Ca.3(P0,),    +    4NH,C1    +  4H,0 

Calcium  Ammouium  Water, 

phosphate.  chloride. 


Calcium  liypopliosphite. 


(See  page  187.) 
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Calcium  stilpliidc  (CaS)  is  prepared  by  heat- 
ing lime  in  a  stream  of  sulphuretted  hydrogen  gas, — 

CaO    +    H,S    =    CaS    +  H^O 

Calcium      Sulpliiiretted       Calcium  Water ; 

oxide.         hydrogen.  sulphide. 

or  by  roasting  a  mixture  of  calcium  sulphate  and 
charcoal,  the  latter  reducing  the  sulphate  to  sulphide, — 

CaSO^    +    2C3    =    CaS    +  4C0. 

Calcium  Carbon.  Calcium  Carbon 

sulphate.  sulphide.  moncxide. 

If  calcium  sulphide  be  exposed  to  light,  it  is  after- 
wards for  some  time  phosphorescent  in  the  dark.  It 
is  the  cliief  constituent  of  BalmairCs  luminous  imint. 
If  treated  with  an  acid,  such  as  hydrochloric  acid, 
sulphuretted  hydrogen  gas  is  evolved,  and  in  this  way 
is  obtained  in  a  very  pure  state,  such  as  is  required  in 
toxicological  investigations. 

CaS     -f     2HC1     =     CaCl2     +  HjS 

Calcium  Hydrochloric  Calcium  Sulphuretted 

sulphide.  acid.  chloride.  hydrogen. 

Cliloi'iiiatc<l  liiuc,  or  blcsicliiug^  powder 

(see  page  142). 

Tests  for  Calcium. 

(i)  Ammonium  oxalate  gives,  with  a  solution  of 
a  calcium  salt,  a  white  precipitate  of  cfdcium  oxalate, 
which  is  insoluble  in  acetic  acid,  but  soluble  in  hydro- 
chloric acid. 

(ii)  If  a  calcium  salt  be  introduced  into  the 
Bunsen  flame,  on  a  piece  of  platinum  wire  previoilsly 
moistened  with  liydrochloric   acid,  a  pale  reddish 
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colour  is  communicated  to  the  flame,  the  colour, 
however,  rapidly  fading  away. 

BARIUM. 

Symbol,  Ba  ;  formula,  Bag ;  dyad ;  atomic  weight,  137  ; 
molecular  weight,  274. 

The  salts  of  barium  have  a  high  specific  gravity  ; 
hence  the  derivation  of  the  name  fi-om  /Supvc,  heavy. 

Natitral  compounds  of  barium.  —  (i) 
Witherite  is  the  native  carbonate  of  barium.  (ii) 
Heavy  sjmr  is  the  native  sulphate  of  barium. 

Preparation  and  properties  of  the  metal 
barium. — Barium  may  be  prepared  in  a  similar 
manner  to  calcium,  by  electrolysis  of  the  fused  chloride. 
It  is  of  a  pale  yellow  colour,  and  possesses  very  similar 
properties  to  those  of  calcium. 

Barium  Salts. 

Barium  nitrate  (Ba(N03)2)  is  prepared  either 
by  dissolving  the  carbonate  in  nitric  acid,  or  by 
reducing  the  sulphate  to  sulphide  by  roasting  with 
charcoal,  and  then  dissolving  the  sulphide  in  nitric 
acid. 

Barium  chloride  (BaClj)  is  prepared  by  similar 
processes  to  those  for  obtaining  the  nitrate,  with  the 
substitution  of  hydrochloric  for  nitric  acid. 

Barium  oxide  or  baiyta  (BaO). — This  oxide 
is  most  conveniently  prepared  by  roasting  the  nitrate. 

2Ba(N0,,),    =    2BaO    +    2^20,^    +  Og 

Barium  Barium  Nitrogen  Oxygen, 

nitrate.  oxide.  tetroxide. 

When  water  is  added  to  barium  oxide,  evolution  of 
Q— 32 
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heat  takes  place,  and  barium  hydrate  or  slaked  baryta 
(Ba(H0)2)  produced,  the  reaction  being  similar  to 
that  which  occurs  during  the  slaking  of  lime.  Barium 
hydrate  is  much  more  soluble  in  water  than  calcium 
hydrate ;  its  solution  is  known  as  baryta  water,  and, 
like  lime-water,  if  exposed  to  the  air  it  absorbs  carbon 
dioxide,  producing  a  white  deposit  of  barium  car- 
bonate. 

Barium    dioxide,   or    barium  peroxide 

(BaOo). — This  oxide  is  prepared  by  heating  baryta  to 
a  dull  red  heat  in  a  stream  of  air  or  oxygen. 

2BaO    +    02    =  2Ba03 

Barjta.  Oxygen.      Barium  dioxide. 

If  the  higher  oxide  be  further  heated  it  is  converted 
into  the  lower  oxide,  with  evolution  of  oxygen;  in  this 
way  pure  oxygen  may  be  obtained  from  the  air  (see 
page  84).  Barium  dioxide  is  also  employed  in  the 
preparation  of  hydrogen  dioxide  (see  page  99). 

Tests  for  Barivm. 

(i)  Barium  salts  give,  with  dilute  sulphuric  acid, 
a  white  precipitate  of  barium  sulphate,  which  is 
insoluble  in  either  hydrochloric  or  niti'ic  acids. 

(ii)  Solution  of  potassium  chromate  gives  a 
yellow  precipitate  of  barium  chromate  with  barium 
salts ;  this  precipitate  is  insoluble  in  acetic  acid,  but 
is  soluble  in  either  hydrochloric  or  nitric  acids. 

(iii)  If  a  barium  salt  be  introduced  into  the 
Bunsen  flame,  on  a  piece  of  platinum  wire  previously 
moistened  with  hydrochloric  acid,  a  yellowish-green 
colour  is  communicated  to  the  flame. 
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MAGNESIUM. 

Symhol^yLg;  formxda,M.g:,;  dyad;  atomic  weight,  24: ; 
molecular  weight,  48. 

Natural    compounds    or  niag-nesiuni.— 

(i)  The  carbonate  occurs  in  nature  in  a  fairly  jiure 
form  as  magnesite  (MgCOg),  and  as  a  double  carbonate 
of  magnesium  and  calcium  in  doloviite  (MgCOgjCaCO.^). 

(ii)  Magnesium  sulphate  is  found  in  certain  mineral 
spring  waters  ;  in  Epsom  spring  waters,  in  England  ; 
in  Fi  iedrichshall  water,  in  Germany ;  and  in  Hunyadi 
Jilnos  water,  in  Hungary.  (iii)  Vai-ious  compounds 
of  magnesium  and  silica  occur  in  nature  ;  talc  is  mag- 
nesium silicate ;  meerschaum  is  magnesium  silicate, 
combined  with  excess  of  silica  ;  asbestos  is  a  double 
silicate  of  magnesium  and  calcium. 

Preparation  and  properties  of  the  metal 
niag^nesiuni. — Magnesium  is  prepared  by  heating 
in  a  crucible  a  mixture  of  magnesium  chloride  and  the 
metal  sodium,  when  the  latter  abstracts  the  chlorine, 
forming  sodium  chloride,  and  the  metal  magnesium 
sinks  to  the  bottom  of  the  crucible.  Magnesium  is 
made  into  ribbon  or  wire  for  burning  purposes,  in 
order  to  produce  the  powerful  light  known  as  the 
magnesium  light.  When  burnt,  it  produces  a  white 
ash  of  magnesium  oxide,  or  magnesia. 

Magnesium  Salts. 

Wlagnnesiuni  sulphate  (MgSOJ,  commonly 
known  as  Epsom  salts,  on  account  of  its  natural 
occurrence  in  Epsom  spring  waters,  is  prepared  by 
dissolving  the  native  magnesium  carbonate  in  diluted 
sulphuric  acid,  concentrating  the  liquor,  and  allowing 
the  salt  to  crystallise  out. 
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MgCOg  +  HgSG^  =  MgSO^  +  CO2  +  H.2O 

Magnesium         Sulphuric       Mag-uesium       Carbon  Watier. 
carbonate.  acid.  sulphate.  dioxide. 

Epsom  salts  resemble  remarkably  in  their  crystal- 
line appearance  the  crystals  of  zinc  sulphate,  and  also 
to  a  certain  extent  the  crystals  of  oxalic  acid,  both  of 
which  poisonous  materials  have  been  mistaken  for 
Epsom  salts.  From  zinc  sulphate,  Epsom  salts  may 
be  distinguished  by  its  solution  yielding  no  precipitate, 
either  with  ammonium  sulphide,  or  with  potassium 
ferrocyanide,  whereas  zinc  sulphate  yields  a  white 
precipitate  with  both  l  eagents ;  from  oxalic  acid, 
Epsom  salts  may  be  distinguished  by  being  neutral 
to  test-pajjer,  whereas  the  former  is  strongly  acid. 

Magiicsiiiiii  carbonate  (SMgCOa,  Mg(H0)2). 
— The  normal  magnesium  carbonate  (MgCOg)  occurs 
native  in  magnesite  and  dolomite ;  the  carbonate  that 
is  used  in  medicine,  and  which  is  obtained  by  precipita- 
tion, is  a  basic  carbonate,  consisting  of  three  mole- 
cules of  the  carbonate  to  one  of  the  hydrate.  It  is 
prepared  by  mixing  solutions  of  magnesium  sulphate 
and  sodium  carbonate,  when  it  is  thrown  down  as  a 
white  precipitate. 

4MgS04    -f    4Na2C03    +    HgO  = 

Magnesium  Sodium  Water, 

sulphate.  carbonate, 

3MgC0..,  Mg(H0)3    -f    4Na3SO^    +  CO, 

Magnesium  carbonate. "  Sodium  Carbon 

sulphate.  dioxide. 

There  are  two  forms  of  magnesium  carbonate 
employed  in  medicine,  the  light  carbonate  and  the 
heavy  carbonate.  The  former,  which  is  a  very  fine 
and  light  precipitate,  is  prepared  by  mixing  somewhat 
diluted  and  cold  solutions  of  magnesium  sulphate  and 
sodium  carbonate ;  the  latter,  which  is  a  dense  and 
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more  compact  precipitate,  is  prepared  by  mixing 
strong  and  hot  solutions  of  the  same  salts. 

mag^nesiiini  bicarbonate  (Mg(HC03)2).  — 
This  soluble  salt  is  contained  in  fluid  magnesia 
[Liquor  magnesii  carbonatis,  B.  P.)  j  it  is  prepared  by 
passing  a  stream  of  carbon  dioxide  gas  through  water 
in  which  magnesium  carbonate  is  suspended. 

SMgCOg,  Mg(H0)3    +    500,    +    SH^O  = 

Basic  magnesuun  Carbon  Water, 

carbonate.  dioxide. 

4Mg(HC03)2 

Magnesium 
bicarbonate. 

If  this  solution  be  heated,  carbon  dioxide  is 
evolved,  and  the  magnesium  carbonate  is  deposited. 

Mag:iiesium  oxide  or  magnnesia  (MgO). — 
This  is  obtained  by  heating  the  basic  magnesium  car- 
bonate. 

SMgCOg,  Mg(H0)2  =  4MgO  +  SCOg  +  HoO 

Basic  magnesium  Magnesium        Carbon  Water, 

carbonate.  oxide.  dioxide. 

There  are  two  varieties  of  the  oxide,  light  magnesia 
and  heavy  magnesia;  they  are  respectively  jwepared 
by  the  action  of  heat  on  the  light  and  heavy  car- 
bonates. The  old  name  for  either  of  these  prepara- 
tions was  "  calcined  magnesia." 

IVIag^nesium  citrate  (Mg3(C6H507)2).  —  This 
salt  is  contained  in  the  Liquor  magnesii  citrntis,  B.  P., 
in  which  it  is  prepared  by  dissolving  the  basic  car- 
bonate in  solution  of  citric  acid.  "  Effervescing 
citrate  of  magnesia  "  is  a  granular  preparation  largely 
used  as  a  mild  saline  purgative,  and  effervescing  when 
mixed  with  water ;  it  consists  of  sodium  bicarbonate, 
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citric  and  tartaric  acids,  magnesium  carbonate  or  sul- 
phate, and  sugar. 

Test  for  Magnesium. 

The  presence  of  magnesium  can  only  be  proved 
after  the  removal  of  the  other  alkaline  earth  metals, 
viz.  calcium,  barium,  and  strontium  ;  these  metals 
are  precipitated  by  ammonium  carbonate  in  presence 
of  ammonium  chloride,  whereas,  under  such  con- 
ditions, magnesium  is  not  precipitated,  the  ammonium 
chloride  keeping  the  magnesium  carbonate  in  solution. 
To  test  for  magnesium,  it  is  therefore  necessary  to  add 
to  the  solution  ammonium  chloride  and  ammonium 
carbonate,  and  then  to  warm  ;  if  calcium,  barium,  or 
strontium  are  j^resent,  they  will  be  precipitated,  and 
on  filtering  from  the  precipitate,  the  presence  of  mag- 
nesium in  the  filtrate  can  be  demonstrated  by  the 
addition  of  solution  of  ammonia  and  of  sodium  phos- 
phate, when  a  white  granular  or  crystalline  precipitate 
(ammonio-niaguesium  phosphate,  MgNH^PO^)  will  be 
thrown  down.  Since  the  metals  calcium,  barium,  and 
strontium  all  yield  precipitates  with  sodium  phosphate, 
the  necessity  for  removing  them  before  testing  for 
magnesium  is  obvious. 

STRONTIUM. 

Symbol,  Sr  ;  formula,  Sr, ;  dyad  ;  atomic  weight,  87  '5  ; 
molecidar  weight,  175. 

Strontium  occurs  in  nature  as  the  carbonate 
strontianite,  and  as  the  sulphate  celestine.  The  salts 
of  strontium  are  not  of  any  medical  importance ;  they 
are  prepared  by  processes  similar  to  those  employed 
in  the  manufacture  of  the  calcium  and  barium  salts. 
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Test  for  Strontium. 

Strontium  salts  when  introduced  into  the  Bunsen 
flame  on  a  piece  of  platinum  wire  previously  moistened 
with  hydrochloric  acid,  communicate  a  beautiful  crim- 
son colour  to  the  flame.  They  are  on  this  account 
largely  employed  by  firework  manufacturers. 
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CHAPTER  IV. 

ALUMINIUM — ZINC. 

Aluminium — Natural  Compounds  of  Aluminium — Preparation  and 
Properties  of  the  Metal  Aluminium — iUums — Preparation  of 
the  Aluminium  Salts— Tests  for  Aluminium — Zinc— Natural 
Compounds  of  Zinc — Preparation  and  Properties  of  the  Metal 
Zinc — Preparation  of  the  Zinc  Salts — Tests  for  Zinc. 

ALUMINIUM. 

Symbol,  Al ;  formula,  Al, ;  tetrad  ;  atomic  weight,  27; 
molecular  weight,  54. 

Natural  coiiipounds  of  aliiiniiiiitm.  —  (i) 

Aluminium  occurs  largely  in  nature  combined  with 
silica  ;  the  different  forms  of  clay  consist  of  aluminium 
silicate  ;  J'elspar,  granite,  mica,  alum-shale  or  schist, 
all  contain  aluminium  silicate.  (ii)  Cryolite  is  a 
double  fluoride  of  aluminium  and  sodium,  (iii) 
Bauxite  is  an  impure  form  of  aluminium  hydrate, 
(iv)  The  precious  stones,  the  ruby  and  the  sapphire, 
and  the  polishing  powder  known  as  emery-joowder, 
consist  mainly  of  aluminium  oxide  or  alumina 
(AloO,). 

Preparation  and  properties  of  tiie  metal 

aluminium. — The  oxide  of  aluminium  cannot  be 
deprived  of  its  oxygen  by  means  of  charcoal  at  any 
temperature ;  the  metal  is  therefore  obtained  by  re- 
ducing aluminium  chloride  by  means  of  the  metal 
sodium ;  this  is  accomplished  by  passing  the  vapour  of 
aluminium  chloride  over  melted  sodium,  the  sodium 
uniting  with  the  chlorine,  and  the  metal  aluminium 
being  set  free.    Aluminium  is  a  light,  white  metal, 
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remaining  unchanged  in  both  dry  and  moist  air  ;  it  is 
mainly  used  in  the  preparation  of  aluminium  bronze, 
an  alloy  of  copper  and  aluminium.  Dilute  sulphuric 
and  hydrochloric  acids  both  act  on  the  metal  aluminium 
forming  respectively  the  sulphate  and  chloride,  with 
evolution  of  hydrogen. 

Aluminium  Salts. 

Ammonia  aliuu  (Al2(S04)3,  (^4)3804).— This 
is  prepared  by  mixing  solutions  of  aluminium  sulphate 
and  ammonium  sulphate,  evaporating  the  mixed  solu- 
tion and  setting  aside,  when  the  alum  crystallises  out. 
The  aluminium  sulphate  is  obtained  either  by  the 
action  of  strong  sulphuric  acid  with  heat  on  clay,  or 
by  roasting  alum-shale  in  the  air.  Alum-shale  consists 
of  aluminium  silicate  and  iron  pyrites  (FeSo),  and 
when  roasted  the  sulphur  becomes  oxidised  to  sul- 
phuric acid,  which  forms  aluminium  sulphate  by  its 
action  on  the  silicate,  ferric  oxide  being  also  pro- 
duced;  on  boiling  the  roasted  shale  with  water,  the 
aluminium  sulphate  is  dissolved  out,  ferric  oxide  being 
left  insoluble. 

Potash  alum  (Al2(S04)3,  KgSO^).— This  is 
prepared  by  a  similar  process  to  that  used  for  making 
ammonia  alum,  with  the  substitution  of  potassium 
sulphate  for  ammonium  sulphate. 

Both  ammonia  and  potash  alums  contain  twenty- 
four  molecules  of  water  of  crystallisation  (Alo(S04)g, 
(NHJ.SO,,  24H.O  -  Al2(SO,)3,  K3SO4,  24H2O). 

If  potash  alum  be  deprived  of  its  water  of  crystal- 
lisation by  heating,  the  anhydrous  alum  is  known  as 
burnt  alum. 

There  are  alums  which  contain  no  aluminium 
such  as  iro7i  alum  (Fe2{&0_^).^,  KoSO.^)  and  chrome 
alum  (Cr.,(SO  j).,,  KoSO^)  ;  so  that  the  term  "  alum  " 
is  used  for  bodies  which  may  or  may  not  contain 
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aluminium.  An  '*  alum  "  is,  in  fact,  merely  a  double 
sulphate  crystallising  in  the  octahedral  form. 

Aluminium  oxide  or  alumina  (AI0O3). — 
This  oxide  may  be  prepared  either  by  heating  the 
precipitated  aluminium  hydrate, — 

Al2(HO)6    =    AI2O3    +  SHoO 

Aluminiuin  Alumiuium  Water ; 

hydrate.  oxide. 

or  by  heating  ammonia  alum,  when  ammonium 
sulphate  and  sulphur  trioxide  will  be  volatilised  by 
the  heat,  the  aluminium  oxide  being  left, — 

A12(S0J3,(NH.J2S0,^  =  AI2O3  +  +  3SO3 

Ammonia  alum.  Alumiuium         Ammouium  Sulphur 

oxide.  sulphate.  trioxide. 

Aluminium  liydrntc  (A12(H0)q)  is  prepared 
by  the  addition  of  an  alkali  to  solution  of  ammonia 
alum  or  potash  alum  j  it  is  a  gelatinous  precipitate, 
which  jjossesses  the  power  of  fixing  or  combining  with 
vegetable  dyes,  and  hence  is  used  as  a  mordant ;  it 
is  also  employed  in  the  chemical  treatment  of  sewage, 
on  account  of  its  property  of  entangling  and  carrying 
down  suspended  matters. 

Aluminium  chloride  (AloClg)  is  prepared  by 
passing  a  stream  of  chlorine  over  a  mixture  of  alumina 
and  charcoal  raised  to  a  red  heat,  when  the  aluminium 
chloride  volatilises  and  condenses  on  cooling  to  a  solid. 

2AI0O3   +   3Co   +   601.  =  SAljClfi  +  6C0 

Aliuniniuln        Carbo"n.        Chlorine.        Aluminium  Carbon 
oxide.  chloride.  monoxide. 

Tests  for  Aluminium. 

(i)  Aluminium  salts  give  with  solution  of  ammonia 
a  wliite  gelatinous  precipitate  of  aluminium  hydrate 
(Alo(HO)e),  insoluble  in  excess  of  ammonia. 
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(ii)  With  ammonium  sulphide  aluminium  salts 
also  give  a  precipitate  of  aluminium  hydrate,  sulphur- 
etted hydrogen  being  evolved.  The  reason  that 
ammonium  sulphide  does  not  precipitate  aluminium 
sulphide  is  due  to  the  fact  that  aluminium  sulphide  is 
decomposed  by  water  into  the  hydrate  and  sulphur- 
etted hydrogen. 

AI.2S3    -I-    GHoO    =    Al2(H0)(.    -I-  SHgS 

AlnmiriiTiTn  Water.  Aliimmium  Sulphuretted 

sulphide.  hydrate.  hydrogen. 

(iii)  With  the  fixed  alkalies,  caustic  potash  and 
caustic  soda,  aluminium  salts  yield  a  precipitate  of 
aluminivun  hydrate,  soluble  in  excess  of  either  fixed 
alkali. 

ZINC. 

Symbol,  Zn  ;  formula,  Zn  ;  dyad ;  atomic  weight,  65  ; 
molecular  weight,  65. 

Zinc  is  one  of  the  elements  containing  only  one 
atom  in  the  molecule. 

Natural  compounds  of  zinc.  —  (i)  Calamine 
is  the  native  carbonate  of  zinc  (ZnCOg)  ;  it  is  of  a  pink 
colour,  from  a  small  quantity  of  iron  contained  in  it, 
and  is  used  in  surgery  in  the  form  of  an  ointment  and 
lotion.  (ii)  Blende  is  the  native  sulphide  of  zinc 
(ZnS). 

Preparation  of  the  metal  zinc— The  zinc 
ore,  either  calamine  or  blende,  is  first  smelted  or 
roasted  in  the  air,  to  convert  it  into  the  zinc  oxide, 
and  this  is  then  reduced  to  the  metal  by  roasting  with 
charcoal  or  fine  coal.  Since  zinc  is  a  volatile  metal,  it 
lias  to  be  prepared  by  a  process  of  distillation,  and  the 
proee.ss  employed  is  that  of  downwa/i^d  distillation.  The 
mixture  of  zinc  oxide  and  charcoal  or  coal  (Fig.  21,  a) 
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is  packed  in  a  large  crucible,  provided  with  a  pipe 
passing  through  a  hole  in  the  bottom  of  the  crucible, 
and  the  lid  of  the  crucible  is  then  luted  down.  One 
of  these  crucibles  ready  charged  is  represented  in 
section  in  Fig.  21. 

Several  of  these  crucibles  are  then  placed  in  a 


Fig.  21.—  Section  of  Crucible  for  the  Preparation  of  the  Metal  Zinc  by 
Downward  Distillation  (a). 

furnace,  with  the  distillation  pipes  projecting  between 
and  below  the  bars  of  the  furnace  (Fig,  22). 

On  strongly  heating,  the  zinc  is  set  free  by  the 
reducing  action  of  the  carbon  on  the  zinc  oxide,  and 
passes  down  the  pipe  in  the  form  of  vapour,  which  in 
the  lower  and  cooler  portion  of  the  pijDe  condenses  to 
molten  zinc  ;  this  then  immediately  drops  into  iron 
vessels  placed  to  receive  it.  Zinc  prepared  in  this 
manner  is  generally  impure,  from  the  presence  of 
small  quantities  of  arsenic,  from  which  it  can  be 
purified  by  well  stii-ring  with  the  molten  zinc  some 
potassium  nitrate,  which  converts  the  arsenic  into 
potassium  arseniate. 

Granulated  zinc,  the  form  in  which  the  metal  is 
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commonly  employed  in  the  preparation  of  hydrogen,  is 
obtained  by  pouiing  melted  zinc  from  a  height  into 
water. 

Properties  of  the  metal  zinc.— Zinc  is  a 
bluish-white  hard  metal ;  if  heated  to  100°  C  — 150°  0. 


Pig,  22.— Section  of  Furnace  for  Distillation  of  the  Metal  Zinc. 


it  becomes  soft  and  malleable,  so  that  it  can  be  I'oUed 
into  thin  plates  ;  at  200°  C.  it  is  quite  brittle,  and  can 
then  be  readily  reduced  to  powder ;  at  412°  C.  it  melts, 
and  boils  at  a  bright-red  heat  (about  1000°  C.)  ;  when 
strongly  heated  in  the  air  it  bums  with  a  bright  bluish 
flame,  forming  light  white  flocks  of  zinc  oxide.  In 
moist  air  it  oxidises,  becoming  covered  with  a  very  thin 
film  of  zinc  oxide,  which,  however,  is  a  very  compact 
film,  and  effectually  checks  any  further  oxidation  ;  in 


254 


Chemistry. 


[Part  III. 


this  respect  it  is  very  unlike  the  metal  iron,  which  in 
moist  air  oxidises  or  rusts  continuously,  and  so 
becomes  in  time  thoroughly  corroded.  Zinc  is,  there- 
fore, employed  for  coating  iron  vessels,  etc.,  to  prevent 
their  rusting,  such  coated  iron  being  known  as  galvan- 
ised iron. 

Zinc  enters  into  the  composition  of  some  important 
alloys.  Brass  is  an  alloy  of  zinc  and  copper,  and  is 
much  stronger  than  either  of  its  constituents  ;  German 
silver  is  an  alloy  of  zinc,  copper,  and  nickel.  Galvanised 
iron,  as  we  have  seen,  is  prepared  by  dipping  clean 
iron  into  molten  zinc,  and  so  coating  the  iron  with  a 
covering  of  zinc.  Zinc  is  readily  acted  on  by  most 
acids  ;  diluted  sulf)huric  and  hydrochloric  acids  attack 
it,  forming  respectively  zinc  sulphate  and  chloride,  with 
evolution  of  hydrogen.  Moderately  diluted  nitric  acid 
is  peculiar  in  its  action  on  zinc,  producing  zinc  nitrate 
and  ammonia  gas,  the  latter,  however,  not  escaping, 
but  being,  immediately  it  is  formed,  converted  by 
some  of  the  nitric  acid  into  ammonium  nitrate. 

4Zn  +  9HN0,j  =  4Zn(N0.5)2  +  NHg  +  SH^O 

Zinc.  Nitric  Zinc      "     Ammouia.  Water, 

acid.  nitrate. 

Zinc  Salts. 

Zinc  sulphate  (ZnSOJ  is  prepared  by  the  action 
of  diluted  sulphuric  acid  on  zinc. 

Zn    +    H2SO4    =    ZnSO^    +  H2 

Zinc.  Sulphuric  Zinc  Hydrogen, 

acid.  sulphate. 

Zinc  sulphate  occurs  in  small  crystals,  very  much 
resembling  magnesium  sulphate,  for  which  it  is  apt  to 
be  mistaken.  For  the  methods  of  distinguishing  the 
two  salts,  see  page  244. 
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Zinc  sulphate  is  occasionally  termed  white  vitriol. 
Zinc  chloride  (ZnClo)  is  prepared  by  the  action 
of  hydrochloric  acid  on  zinc. 

Zn    +    2HC1    =    ZnClg  + 

Zinc.        Hydrochloric  Zinc  Hydrogen, 

acid.  chloride. 

Zinc  carbonate  (ZnCO^,  2Zn(HO)2).— The 
normal  carbonate  (ZnCOg)  only  occurs  in  nature  as 
calamine.  The  precipitated  carbonate  is  a  basic  car- 
bonate, or  double  carbonate  and  hydrate,  and  is  pre- 
pared by  mixing  solutions  of  zinc  sulphate  and  sodium 
carbonate,  when  it  is  thrown  down  as  a  white  pre- 
cipitate. 

3ZnS0^     -f      SNajCOg     +      2H2O  = 

Zinc  Sodium  Water. 

siil|ihate.  carbonate. 

ZnC03,2Zn(HO)2    -|-    3Na2S04    -|-  2CO2 

Basic  zinc         "  Sodium  Carbon 

carbonate.  sulphate.  dioxide. 

Zinc  oxide  (ZnO)  is  prepared  either  by  burning 
the  metal  zinc  in  air,  or  by  heating  the  basic  zinc 
carbonate. 

ZnC03,2Zn(HO)2    =    3ZnO    +    CO2    -f  2H2O 

Basic  zinc        "  Zinc  Carbon  Wafier. 

carbonate.  oxide.  dioxide. 

Zinc  oxide  under  the  name  of  zinc-white  is  used  as 
a  paint ;  it  possesses  this  advantage  over  white-lead, 
that  it  is  not  blackened  by  sulphuretted  hydrogen, 
whereas  white-lead  paint  slowly  blackens  on  account 
of  the  small  quantities  of  sulphuretted  hydrogen 
present  in  the  air  of  towns  and  dwelling-houses.  The 
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covering  power  or  "  body  "  of  zinc-white  is,  however, 
not  nearly  so  great  as  that  of  white-lead. 

Zinc  acetate  (Zn(C2H302)3)  is  prepared  by  the 
action  of  acetic  acid  on  the  basic  zinc  carbonate. 

ZnCO,,  2Zn(H0).      +      6HC3H3O2  = 


Basic  zinc  Acetic 
carbonate.  [acid. 

3Zn(aH302).2    +    CO,    +  5H2O 

Zinc  Carbon  Water, 

acetate.  dioxide. 


Zinc  valerianate  (Zn(C5H90o)2)  is  prepared 
by  mixing  strong  and  hot  solutions  of  zinc  sulphate 
and  sodium  valerianate  ;  on  cooling,  the  valerianate  of 
zinc  separates  out  as  a  crystalline  white  substance. 

ZnSO^    +    2NaC-H.,02    =  '  '^^{^■^f^^)-,  + 

Zinc  Sodium  Zinc 

sulphate.  valerianate.  valerianate. 

Na^SO^ 

Sodium 
sulphate. 

Tests  for  Zinc. 

(i)  Ammonium  sulphide  gives  in  neutral  or 
alkaline  zinc  solutions  a  white  precipitate  of  zinc 
sulphide  (ZnS).  This  is  a  characteristic  reaction,  as 
zinc  sulphide  is  the  only  white  sulphide  capable  of 
being  precipitated. 

(ii)  Solution  of  ammonia  gives  a  white  precipitate 
of  zinc  hydrate  (Zn(H0)2),  readily  soluble  in  excess 
of  ammonia.  From  this  solution  in  the  excess  of 
ammonia  the  zinc  may  be  precipitated  as  the  white 
sulphide  by  the  addition  of  ammonium  sulphide. 
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(iii)  Caustic  potash  and  caustic  soda  both  pre- 
cipitate  the  white  zinc  hydrate,  which  is  soluble  in 
excess  of  either  alkali,  provided  it  is  free  from  car- 
bonate. 

(iv)  Potassium  ferrocyanide  gives  a  white  pre- 
cipitate of  zinc  ferrocyanide. 
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CHAPTER  V. 

IRON. 

Iron — Natural  Compounds  of  Iron — Preparation  and  Properties  of 
the  ]\Ietal  Iron — Cast  Iron— Wrought  Iron— Steel— Action  of 
Acids  on  Iron — Preparation  of  the  Ferrous  and  Ferric  Salts — 
Tests  for  Iron — Distinguishing  Tests  between  Ferrous  and 
Ferric  Salts. 

IRON. 

Symbol,  Fe  ;  formula,  Feo  ;  tetrad  and  dyad; 
atomic  weight,  56  ;  molecular  iveight,  112. 

IVatural  conipoiiiids  of  iron. — (i)  The  im- 
portant ore  red  hmmatite  consists  of  ferric  oxide 
(FcoO;^)  ;  brown  Jmmatite  is  a  ferric  oxyhydrate. 
(ii)  Magnetic  iron  ore  or  loadsto7ie  consists  of  ferroso- 
ferric  oxide  (FeOjFcoOg).  (iii)  Iron  pyrites,  an 
iron  ore  widely  distributed  in  nature,  consists  of  iron 
disulpliide  (FeSo).  (iv)  Spathic  'iron  ore  is  an  im- 
pure ferrous  carbonate  (FeCOa) ;  it  is  found  in  England 
mixed  with  clay,  and  constitutes  clay  ironstone. 
(v)  Iron  occurs  to  a  small  extent  in  the  free  state  in 
nature  in  the  form  of  meteorites,  which  are  masses  of 
iron  that  have  fallen  on  to  the  earth's  surface  from 
extra-terrestrial  space. 

Preparation  of  tlic  metal  iron. — In  connec- 
tion with  the  preparation  of  this  important  metal 
separate  descriptions  must  be  given  of  the  manufac- 
turing processes  employed  in  preparing  cast  iron, 
wrought  iron,  and  steel. 

Cast  iron  is  obtained  by  first  smelting  or  roasting 
the  iron  oi'e  in  air  in  order  to  completely  convert  it 
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into  ferric  oxide,  and  then  reducing  the  oxide  to  the 
metallic  state  by  strongly  heating  Avitli  coke  or  coal  in 


Fig.  23.— Section  of  a  Blast  Furnace. 


oresence  of  some  limestone;  this  reduction  of  the 
terric  oxide  requires  a  very  high  temperature,  and  is 
carried  out  in  the  blast-furnace  (Fig.   23).  This 
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furnace  is  constructed  of  very  solid  masonry  lined 
with  firebricks,  and  reaches  from  60  to  80  feet  in 
height;  it  is  fed  from  the  top,  alternate  layers  of 
roasted  iron  ore  mixed  with  limestone  and  coke  being 
shot  in  from  trucks. 

The  furnace  is  supplied  at  the  lower  part  with  a 
powerful  blast  of  air  forced  through  pipes  called 
tuyeres,  one  of  which  is  shown  in  the  figure  at  A  ;  this 
air  is  heated  previous  to  being  forced  into  the  furnace, 
the  hot  gases  from  the  top  of  the  furnace  being  em- 
ployed for  this  purpose  ;  to  prevent  the  escape  of  these 
gases  a  cap  or  hood  (not  shown  in  the  figure)  is  placed 
over  the  top  of  the  furnace,  the  gases  being  conducted 
by  pipes  issuing  from  near  the  top  of  the  furnace  to  a 
chamber  through  which  the  pipes  conveying  the  blast 
of  air  circulate  ;  by  thus  using  a  blast  of  heated  air  a 
much  higher  temjjerature  is  obtained  within  the  fur- 
nace. Some  of  the  coke  burning  forms  carbon  dioxide, 
which  with  the  remaining  red-hot  coke  forms  carbon 
monoxide,  a  very  powerful  reducing  agent,  and  this 
gas  in  its  passage  over  the  lumps  of  heated  ferric 
oxide  abstracts  the  oxygen,  forming  carbon  dioxide, 
and  setting  free  the  metal. 

i 

FeoOg    +    300    =    Fe3    +    SOOg  \ 

Ferric  Carbon  Iron.  Carbon  \ 

oxide.  monoxide.  dioxide.  \ 

The  metal  iron  in  a  soft  or  spongy  condition  f 
gi'adually  settles  down  towards  the  bottom  of  the  j 
furnace,  and  arrived  at  the  hottest  part  (b  in  figure)  it  ! 
melts,  and  trickling  over  the  lumps  of  coke,  takes  up 
from  4  to  5  per  cent,  of  the  carbon  into  solution,  and 
then  settles  down  in  the  molten  state  at  the  bottom  of  | 
the  furnace  (c  in  figure).    The  function  of  the  lime- 
stone is  to  combine  with  impurities  originally  present 
in  the  iron  ore  (mainly  silica  and  phosphates),  which 
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i  it  does  by  forming  a  fusible  silicate  of  calcium  or  slag, 
I  and  so  preventing  the  silica  and  phosj)hates  from  con- 
'  taminating  the  iron,  as  they  otherwise  would  do.  This 

•  fusible  slag  also  trickles  down  towards  the  base  of  the 
:  furnace,  but  being  much  lighter  than  the  molten  iron, 
;  it  floats  on  the  top  of  it,  and  is  removed  from  time  to 
'time  through  a  suitable  opening  in  the  side  of  the 
I  furnace.  At  the  base  of  the  furnace  the  molten  cast 
i  iroh  is  run  out  from  time  to  time  through  an  opening 

•  whicli  is  tempoi-arily  blocked  up  with  clay ;  it  is  run 
i  into  channels  made  in  wet  sand,  and  solidifies  into  bars 
1  technically  known  as  pig-iron,  which  after  being  liam- 
imered  and  rolled  constitutes  cast  iron.  Cast  iron 
'  contains  from  4  to  5  per  cent,  of  carbon,  whicli  is 
I  partly  in  union  with  some  of  the  iron  as  carbide  of 
iiron,  and  partly  in  the  free  state  as  little  crystals  of 
I  graphite  disseminated  through  the  mass  of  the  iron. 

'  These  crystals  of  graphite  have  been  formed  by  the 
1  carbon  of  the  coke  which  dissolved  in  the  molten  iron 
1  and  remained  in  the  free  state,  and  which  crystallised 
I  out  as  grapliite  as  the  iron  cooled  and  solidified.  If 
1  cast  iron  be  treated  with  diluted  sulphuiic  or  hydi'o- 
<  chloric  acid,  the  iron  Avill  dissolve  in  the  acid  with  evo- 
lution of  hydrogen,  and  the  minu.te  crystals  of  graphite 

■  will  be  left  insoluble,  whilst  the  carbon  combined  with 
the  iron  as  carbide  of  iron  will  unite  with  some  of  the 

■  escaping  hydrogen  and  form  hydrocarbon  gases  pos- 
!  sessing  a  peculiar  and  rather  disagreeable  odour. 

Wrought  iron  is  the  purest  commercial  form  of 
'  iron.    It  is  cast  iron  deprived  of  the  greater  part  of 
its  carbon.    It  contains  from  0-1  to  0-5  per  cent,  of 
\  carbon ;  but  if  more  than  0*5  per  cent,  is  present,  it 
( cannot  be  correctly  termed  wrought  iron. 

It  is  prepared  by  burning  out  the  carbon  from  cast 
t  iron,  which  can  be  effected  by  melting  the  cast  iron  in 
!  the  bed  of  a  re\'erberatory  furnace,  and  then,  while  a 
>  current  of  hot  air  is  passing  over  the  surface  of  the 
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molten  iron,  well  stirring  or  fuddling  it  so  as  to  freely 
expose  it  to  the  current  of  hot  air ;  in  this  way  the 
carbon  of  the  cast  iron  is  gradually  buiTit  out,  and  as 
the  less  easily  fusible  wrought  iron  is  produced,  the 
metal  assumes  a  pasty  condition.  The  process  is 
known  as  the  "puddling  process." 

Steel  is  iron  containing  from  1  to  2  per  cent,  of 
carbon.  Since  it  is  intermediate  in  composition 
between  cast  iron  (containing  4  to  5  per  cent,  of 
carbon)  and  wrought  iron  (containing  0-1  to  0-5  per 
cent,  of  carbon),  it  is  obvious  that  it  may  be  prepared 
(a)  by  abstracting  part  of  the  carbon  from  cast  iron, 
till  the  percentage  of  carbon  is  reduced  to  1 — 1-5; 
(6)  by  the  addition  of  carbon  to  wrought  iron,  so  as  to 
raise  the  percentage  to  1 — 1-5;  (c)  by  mixing  cast 
iron  and  wrought  iron  in  such  proportions  that  the 
mixture  shall  contain  1  to  1"5  per  cent,  of  carbon. 
These  are  the  three  methods  actually  employed,  the 
first  being  known  as  the  Bessemer  process,  the  second 
being  the  old  or  Cementation  process,  and  the  third 
being  the  Siemens-Martin  pi'ocess. 

(fl)  Bessemer  process. — This  consists  in  burning 
out  the  greater  part  of  the  carbon  in  cast  iron,  by 
])assing  a  current  of  air  through  melted  cast  iron. 
The  Bessemer  converter  consists  of  a  large  egg-shaped 
vessel  lined  with  fire-clay  and  provided  -with  an 
opening  at  the  base,  through  which  a  current  of  air 
can  be  forced  ;  molten  cast  iron  is  run  in,  and  the  air 
then  passed  through  it,  the  oxygen  of  the  air  rapidly 
burning  away  most  of  the  carbon  ;  some  spiegeleisen 
(a  variety  of  cast  iron  containing  manganese)  is  then 
added  to  impart  the  necessary  amount  of  carbon  and 
manganese,  a  small  quantity  of  the  latter  element 
notably  increasing  the  hardness  of  the  steel. 

(b)  Cementation  process. — This,  the  old  process 
for  producing  steel,  consists  in  the  addition  of  carbon 
to  wrought  iron,  so  as  to  raise  the  percentage  of 
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carbon  to  about  1  to  1*5.  It  is  carried  out  by  embed- 
ding bars  of  wrought  iron  in  charcoal  powder,  and 
then  heating  to  bright  redness  for  some  days ;  carbon 
is  gradually  taken  up  by  the  wrought  iron,  and  steel 
is  produced ;  the  product  is  known  as  cement-steel. 

(c)  Siemem-Martin  process. — This  consists  in 
fusing  oast  iron,  and  then  adding  to  it  wrought  iron 
and  a  small  quantity  of  spiegeleisen,  until  the  per- 
centage of  carbon  is  brought  to  1 — 1"5. 

Properties  of  the  metal  iron. — Cast  iron  has 
a  grey  colour,  and  a  crystalline  or  granular  structure  ; 
as  previously  mentioned,  its  carbon  exists  partly  in 
the  form  of  minute  crystals  of  graphite  disseminated 
through  the  mass  of  the  iron,  and  partly  in  union 
Nvith  some  of  the  iron  as  a  carbide  of  iron.  Cast 
iron  melts  at  a  lower  temperature  than  any  other 
form  of  iron,  but  it  is  the  most  brittle  form,  owing 
partly  to  its  granular  structure,  and  partly  to  its 
homogeneity  being  interfered  with  by  the  crystals  of 
graphite  distributed  through  its  mass ;  on  account  of 
its  brittleness,  ai'ticles  of  cast  iron  are  not  nearly  so 
strona:  as  those  made'  of  wrought  iron  or  of  steel. 
Cast  iron  contains  from  4  to  5  per  cent,  of  carbon ;  as 
the  percentage  of  carbon  diminishes  in  iron,  the  iron 
becomes  less  easily  fusible,  and  its  malleability 
increases ;  therefore  steel  and  wrought  iron  are  more 
difficult  to  fuse,  and  more  malleable  than  cast  iron. 

Wrought  iron  is  fibrous  in  structure,  and  tlierefore 
much  stronger  than  the  crystalline  or  granular  cast 
iron,  but  the  fibrous  texture  is  apt  to  undergo  a  change 
into  the  granular  condition  when  exposed  to  long- 
continued  vibration ;  this  explains  the  occasional 
sudden  snapping  of  railway-carriage  axles,  the  fibrovis 
wrought  iron  of  which  they  were  made  having  become 
gradually  changed  into  the  granular  and  crystalline 
condition.  All  forms  of  iron  are  rendered  extremely 
brittle  by  the  presence  of  silica,  sulphur  or  phosphorus, 
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hence  the  importance  of  removing  these  impurities  in 
the  slag  during  the  preparation  of  iron  in  the  blast 
furnace.  Pieces  of  wrought  iron  can  be  welded  or 
joined  together,  by  bringing  their  clean  surfaces  in 
contact  at  a  red  heafc  and  then  hammering  them  ;  to 
clean  their  surfaces  from  the  film  of  oxide  of  iron, 
which  is  produced  by  the  action  of  the  air  on  the 
heated  iron,  the  blacksmith  uses  some  sand  as  a  flux 
previous  to  hammering,  the  silica  uniting  with  the 
oxide  of  iron  to  form  a  fusible  silicate  of  iron,  which 
is  squeezed  away  during  the  process  of  hammering, 
and  so  allows  of  the  absolutely  clean  metallic  surfaces 
coming  in  contact  and  uniting. 

Steel  is  of  a  pale  grey  colour,  and  capable  of  taking 
a  high  polish ;  it  is  finely  granular,  not  fibrous  in 
structure,  and  consequently  is  more  brittle  than 
wrought  iron  ;  it  unites  the  hardness  and  fusibility  of 
cast  iron  with  the  ductility  and  malleability  of  wrought 
iron.  Hard  steel  is  prepared  by  heating  steel  to 
redness  and  then  rapidly  cooling  it  by  immersion  in 
water  ;  it  is  very  brittle  and  highly  elastic.  To  toughen 
or  temj^er  steel,  it  is  again  heatfed,  and  again  rapidly 
cooled. 

Reduced  iron  is  pure  iron  in  the  form  of  powder, 
obtained  by  passing  a  stream  of  hydrogen  over  heated 
ferric  oxide ;  the  oxygen  is  abstracted  as  water,  and 
the  iron  is  left  in  a  finely  divided  state, 

FejOg    +    SHg    =    Fe3    +  SHgO 

Ferric  Hydrogen.  Iron.  Water, 

oxide. 

All  kinds  of  iron  are  magnetic,  that  is,  capable  of 
being  attracted  to  and  picked  up  by  a  magnet,  and 
also  capable  of  being  magnetised ;  soft  iron  readily 
becomes  magnetised  when  in  contact  with  a  magnet, 
but  loses  its  ma2;netism  when  withdrawn  from  the 
magnet,  whereas  steel  very  slowly  becomes  magnetised. 
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but  when  once  magnetised,  retains  its  magnetism  for 
a  long  period. 

Iron  remains  unchanged  in  dry  air  or  oxygen  at 
ordinary  temperatures,  but  in  moist  air  it  readily 
unites  with  oxygen  and  moisture,  forming  reddish- 
brown  nist,  a  ferric  oxyhydrate.  At  a  red-heat  iron 
is  more  rapidly  oxidised  than  by  moist  air  at  ordinary 
temperatures,  as  is  well  seen  in  the  production  of 
the  forge-scales  that  collect  around  the  blacksmith's 
anvil,  which  consist  of  the  black  magnetic  oxide  of 
iron. 

Barff's  j)rocess  for  the  prevention  of  rusting  of 
iron  consists  in  coating  the  iron  article  with  a  film  of 
the  hard  black  magnetic  oxide  (ferroso-fei-ric  oxide), 
which  then  effectually  prevents  further  oxidation  in 
damp  air ;  to  effect  this  a  current  of  steam  is  passed 
for  a  few  minutes  over  the  iron  article  raised  to  a 
red-heat. 

SFea    +    8H2O    =    2(FeO,  FeaOa)    +  SH, 

Iron.  Water.  Jilagnetio  oxide  Hydrogeu 

of  iron. 

Action  of  acids  on  iron. — Dilute  sulphuric 
acid  acts  on  iron,  forming  ferrous  sulphate  and 
evolving  hydrogen. 

Feo    +    2H2SO4    =    2FeS04  + 

Iron.  Sulphuric  Ferrous  Hydrogen. 

acid.  sulphate,  g 

Strong  sulphuric  acid,  with  heat,  also  acts  on  iron, 
but  in  this  case  with  evolution  of  sulphur  dioxide. 


Feg  +  4H2SO4  =  2FeS0,^  +  2SO2  +  iilf> 

Iron.  Sulphuric  Ferrous         Sulphur  Water, 

acid  sulphate.  dioxide. 


266  Chemistry.  [Part  hi. 

Hydrochloric  acid  acts  on  iron,  forming  ferrous 
chloride,  and  evolving  hydrogen. 

Fe3    +    4HC1    =    2FeCl2    +  2H3 

Irou.         Hydrochloric  Ferrous  Hydrogen, 

acid.  chloride. 

Nitric  acid  acts  on  iron,  forming  ferric  nitrate, 
and  evolving  nitrogen  dioxide. 

Fe3  +  8HNO3  =  Fe3(NO.,)6  +  NoO,  +  4H.2O 

Iron.  Nitric  Ferric  Nitrogen  Water, 

acid.  nitrate.  dioxide. 

Iron  Salts. 

Two  classes  of  iron  salts  exist,  the  ferrous  and  the 
ferric  ;  in  the  ferrous  salts  the  iron  is  only  exerting 
part  of  its  atomicity,  and  acting  as  a  dyad ;  whereas 
in  ferric  salts  it  is  exerting  its  full  atomicity  as  a 
tetrad  (see  page  47). 


Ferrous  Salts. 

Ferrous  sulphate  (FeSOj^). — This  salt  is  also 
known  as  proto-sulphate  of  iron,  green  vitriol,  cop'peras, 
and  (/reen  copperas.  It  is  prepared  (ci)  by  the  action 
of  dilute  sulphuric  acid  on  iron — 

Fe,    +    2H2SO.^    =    2FeS0^    +  2H3 

Iron.  S\ilphuric  Ferrous  Hydrogen ; 

acid.  sulphate. 


{h)  by  tlie  action  of  dilute  sulphuric  acid  on  ferrous 
sulphide,  this  being  the  ordinary  method  employed  for 
the  preparation  of  sulphuretted  hydrogen — 
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FeS    +    HoSO^    =    FeSOt    +  H^S 

Ferrous  Sulphuric  Ferrous  Sulphuretted 

sulphide.  acid.  sulphate.  hydrogen; 

!  (c)  by  gently  roasting  iron  pyrites  (FeS,)  in  the  air. 

I  If  a  strong  aqueous  solution  of  ferrous  sulphate 

i  be  poured  into  alcohol,  the  salt  is  precipitated  in  a 

i  granular  condition,  forming  the  granulated  sulphate 

j  of  iron  (^Fem-i  suljyhas  granulata,  B.  P.). 

J  Both  the  ordinary  ferrous  sulphate  and  the  gr-anu- 

j  lated  variety  contain  seven  molecules  of  water  of 

1  crystallisation  (FeSO^^,  THjO).  By  careful  heating,  six- 

f  sevenths  of  this  water  can  be  expelled,  leaving  the 

I  dried  sulphate  of  iron  (Ferri  siolphas  exsiccata,  B.  P.) 

I  of  the  composition  (FeSO^,  HjO).    If  further  heat  be 

[  employed,  so  as  to  expel  this  last  molecule  of  water, 

!  then  the  salt  is  decomposed,  ferric  oxide  being  left  and 

j  N"ordhausen  sulphuric  acid  evolved, 

j  If  feri'ous  sulphate  be  exposed  for  some  time  to 

j  the  air,  it  loses  its  green  colour  and  becomes  brown, 

i  due  to  absorption  of  oxygen  and  conversion  into  ferric 

i  oxysulphate  (Fe20(SOj2). 

I  Ferrous  sulphate  is  very  largely  employed  in  the 

"i|  preparation  of  black  writing-ink,  the  black  colour  of 

I  which  is  due  to  tannate  of  iron  in  a  finely-divided 
state  suspended  in  weak  mucilage,  the  tannic  acid 

i  being  furnished  by  an  infusion  of  galls. 

Ferrous   chloride   (FeCl,). — This    salt,  also 

i  known  as  protochloride  of  iron,  is  prepared  by  the 

I  action  of  hydrochloric  acid  on  iron. 

Feg    +    4HC1    =    2FeOl3  + 

Iron.         Hydrochloric  Ferrous  Hydrogen 

acid.  chloride. 

'  Ferrous  carbonate  (FeCO.,)  is  prepared  by 

mixing  together  solutions  of  ferrous  sulphate  and 
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potassium  carbonate,  when  it  is  thrown  down  as  a 
precipitate. 


FeSO^ 

Ferrous 
sulphate. 


+  K3CO3 
Potassium 
carbonate. 


-  FeCOg 

Ferrous 
carbouate, 


Potassium 
sulxjhate. 


Ferrous  carbonate  is,  when  first  precipitated,  of  a 
white  colour,  but  quickly  turns  green,  and  ultimately 
brown  from  absorption  of  oxygen  from  the  air,  and 
conversion  into  ferric  oxyhydrate. 

The  so-called  Griffith's  mixture  {Mistura  ferri 
composita,  B.  P.)  contains  green  ferrous  carbonate  in 
suspension ;  the  absorption  of  oxygen  from  tlie  air 
may  be,  to  a  certain  extent,  prevented  by  mixing 
dried  ferrous  carbonate  with  sugar  (Ferri  carhonas 
saccharcUa,  B.  P.).  Ferrous  cai'bonate  is  appreciably 
soluble  in  water  containing  carbon  dioxide  in  solution, 
such  being  the  way  in  which  the  iron  is  kept  in 
solution  in  chalybeate  spring  waters.  If  such  a  water 
be  exposed  to  the  air  for  some  time,  it  becomes  turbid 
from  the  foruiation  and  deposition  of  ferric  hydrate. 

Ferrous  sulphide  (FeS)  is  prepared  by  heating 
a  mixture  of  iron  tilings  and  sulphur,  or  by  rubbing  a 
stick  of  roll  sulphur  against  a  bar  of  iron  at  a  bright 
red  heat. 

Feri-oiis  iodide  (Felj)  is  prepared  by  warming 
together  iron  wire,  iodine,  and  water. 

Ferrous  phosphate  (Fe3(POj^)2)  is  prepared  by 
mixing  together  solutions  of  ferrous  sulphate,  sodium 
phosphate,  and  sodium  bicarbonate. 

3FeS0.i    +    2Na,HP0.j    +    2NaHC03  = 

Ferrous  Sodium  Sodium 

sulphate  phosphate.  bicarbonate. 


Fe3(P04).  +  SNaoSO^  +  SCO^  +  2H2O 

Ferrous  "  Soduim  Carbon.  Water 

phosphate.  suliihate.  dioxide. 
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The  ferrous  phosphate  comes  down  at  first  as  a 
white  precipitate,  quickly  changing  to  a  bluish  colour. 
The  sodium  bicarbonate  is  added  to  prevent  the  forma- 
tion of  free  sulphuric  acid,  which  would  keep  some  of 
the  ferrous  phosphate  in  solution. 

Ferrous  arseniate  (re3(AsO.,)o)  is  prepared 
by  mixing  together  solutions  of  ferrous  sulphate, 
sodium  arseniate,  and  sodium  bicarbonate. 

:3FeS0.i    +     2Na2HAsO_t    +    2N"aHC03  = 

Ferrous  Sodium  Sodium 

sulphate  arseniate  bicarbonate. 

Fe3(AsO^)2  +  SNajSO^  +  2C0.  +  2H3O 

Ferrous  Sodium  Carbon  Water, 

arseniate.  sulphate.  dioxide. 

The  ferrous  arseniate  comes  down  at  first  as  a 
white  precipitate,  quickly  changing  to  a  greenish 
colour.  The  sodium  bicarbonate  is  added  for  a  similar 
reason  to  that  given  in  connection  with  ferrous 
pho.sphate. 

Ferric  Salts. 

Ferric  chloride,   or  percliloride  of  iron 

(FeoClg). — This  may  be  prepared  {a)  by  passing  chlorine 
over  heated  iron — 

Fco      +      3CI2      =  FegClg 

I'OD.  Chlorine  Ferric  chloride ; 

(6)  by  passing  chlorine  through  a  solution  of  ferrous 
chloride — 

2FeCl2     +     CI2     =  FegClg 

Ferrous  chloride.       Chlorine         Ferric  chloride ; 

(c)  by  warming  a  solution  of  ferrous  chloride  with 
liydrochloric  and  nitric  acids — 
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SFegClg  +  N2O2  +  4H2O 

Ferric  Nitrogen  Water, 
chloride.  dioxide. 


This  is  the  process  employed  in  the  preparation  of 
the  solution  of  perchloride  of  iron  used  in  medicine 
{Liquor  ferri  j)erchloridi,  B.  P.).  It  really  consists 
in  tlie  passage  of  chlorine  into  ferrous  chloride,  since 
the  action  of  the  nitric  acid  is  to  oxidise  the  hydrogen 
of  the  hydrochloric  acid  to  water,  thus  liberating  the 
chloi'ine,  the  niti'ogen  of  the  nitric  acid  being  evolved 
as  nitrogen  dioxide. 

Ferric  sulphate,  or  persulphate  of  iron 
(Fe2(SO.^)3)  is  prepared  by  warming  together  a  solution 
of  ferrous  sulphate  with  sulphuric  and  nitric  acids. 

6FeS0^     +     SHaSO^     +     2HNO3  = 

Ferrous  Sulphuric  Nitric 

sulphate.  acid.  acid. 

3Fe3(SO^)3    +    NoOo    +  4Hp 

Ferric  Nitrogen  Water, 

sulphate.  dioxide. 

The  action  of  the  nitric  acid  is  similar  to  that 
described  in  the  last  process  for  the  preparation  of 
ferric  chloride. 

Ferric  nitrate  or  pernitrate  of  iron 

(Fe2(N03)g)  is  prepared  by  the  action  of  nitric  acid 
on  iron. 

Feo  +  8HNO3  =  Fe2(N03)6  +  N.Oo  +  4H2O 

Iron.  Nitric  Ferric  Nitrogen  Water, 

acid.  nitrate.  dioxide. 

■  Ferric  acetate  or  peracetate  of  iron 

(Feo(C2H302)(;)  is  prepared  by  dissolving  freshly- pre- 
cipitated ferric  hydrate  in  glacial  acetic  acid. 


! 
I 

t 
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Ferric  Acetic  acid.  Ferric  acetate.  Water, 

hydrate. 

Ferric  liydi'ate  (Fe2(H0)g)  is  prepared  by  pre- 
cipitating a  solution  of  ferric  sulphate  or  ferric  chloride 
witli  an  alkali,  caustic  soda  being  generally  employed 
for  the  sake  of  cheapness. 

Fe2(SOj3   +   6NaH0  =  Fe2(HO)6  +  3Na3SO^ 

Ferric  Sodium  Ferric  Sodium 

sulphate.  hydrate.  hydrate.  sulj^hate. 

Freshly  precipitated  ferric  hydrate  is  used  as  an 
antidote  in  cases  of  poisoning  by  arsenic,  the  reaction 
between  the  ferric  hydrate  and  the  arsenic  resulting 
in  the  formation  of  the  insoluble  ferrous  arseniate. 

2(Fe2(HO)J    +    AS3O3    =    Fe3(As042  + 

Ferric  hydrate.  Arsenic.  Ferrous  arseniate. 

Fe(H0)2    +  5H2O 

Ferrous  Water, 
hydrate. 

Freshly  precipitated  ferric  hydrate  dissolves  in  a 
solution  of  perchloride  of  iron,  forming  a  dark  i-ed 
solution  of  basic  chloride  of  iron  ;  if  this  solution  be 
placed  in  a  dialyzer,  the  greater  proportion  of  the 
hydrochloric  acid  of  this  basic  chloride  passes  through 
the  dialyzer,  leaving  a  still  more  basic  chloride  of  iron, 
which  constitutes  the  solution  of  dialyzed  iron  used  in 
medicine  {Liquor  ferri  dialysatus,  B.  P.).  . 

Freshly  precipitated  ferric  hydrate  is  also  used  in 
the  preparation  of  the  iron  scale  compounds,  which 
are  uncrystallisable  bodies  obtained  in  the  solid 
form  by  the  evaporation  of  their  solutions  to  a  syrup, 
and  then  allowing  the  syrup  to  dry  in  scales.  Citrate 
of  iron  and  ammonium  {Ferri  et  ammonice  citras,  B.  P.) 
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is  prei)ared  by  dissolving  ferric  hydrate  in  a  solntion 
of  citric  acid,  adding  ammonia,  evaporating  to  a  syrup, 
and  drying  in  scales ;  it  is  a  double  citrate  of  iron  and 
ammonium.  Citrate  of  iron  and  quinine  (Ferri  et 
quincti  citras,  B.  P.)  is  prepared  by  dissolving  ferj-ic 
hydrate  and  quinine  in  a  solution  of  citric  acid,  add- 
ing ammonia  (not  in  excess,  or  the  quinine  would  be 
precipitated),  evaporating  to  a  syrup,  and  drying  in 
scales  ]  it  is  a  triple  citrate  of  iron,  quinine,  and 
ammonium.  Tartarated  iron  [Ferrum  tartaratum, 
B.  P.)  is  prepared  by  dissolving  ferric  hydrate  in  a 
solution  of  potassium  acid  tartrate,  evaporating  to  a 
syrup,  and  drying  in  scales  ;  it  is  a  double  tartrate  of 
ii-on  and  potassium. 

Alkaline  bicarbonates,  which  are  incompatible  with 
most  iron  preparations,  can  be  prescribed  with  citrate 
of  ix'on  and  ammonium,  and  with  tartarated  iron, 
without  the  iron  being  precipitated  ;  they  would  not 
be  compatible  with  citrate  of  iron  and  quinine,  as  the 
quinine  would  be  thrown  down  by  alkaline  carbonates. 

Ferric  oxyliydrate  (FeoOo(HO)2)  si  prepared 
by  drying  ferric  hydrate  at  100°  C.  It  is  the  Ferri 
peroxidum  hydratum,  B,  P. 

Fe„(H0)6    =    Fe202(HO)2    +  2H2O 

I'erric  Ferric  Water, 

hydrate  oxyhydrate. 

Ferric  oxide  (Fe203)  is  prepared  by  further 
heating  ferric  oxyhydrate. 

re202(HO)2    =    Fe203    +  H2O 

Ferric  Ferric  Water.l 

oxyhydrate.  oxide. 

It  may  also  be  prepared  by  roasting  crystals  of 
ferrous  sulphate  until  fumes  of  the  Nordhausen  sul- 
phuric acid  cease  to  be  evolved  ;  this  variety  of  ferric 
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oxide  passes  under  the  names  of  red  oxide  of  iron, 
mineral  rouge,  Venetian  red,  colcothar,  and  crocus. 
Fei'roso-ferric  oxide     (FeO,FeoO.,)    is  also 
\  known  as  black  oxide  of  iron  and  magnetic  oxide  of 

(iron.  It  may  be  prepared  («)  by  passing  steam  over 
red-hot  iron — 

•{     3Fe2    +    8H2O    =    2(FeO,  FeoOg)    +  SH^ 

I  Iron.               Water.            Ferroso-fen-io  oxide.         Hydrogen ; 

1 

t 

I  (b)  by  precipitating  a  mixed  solution  of  ferric  and 

I  ferrous  sulphates  with  caustic  soda,  when  the  black 

j  ferroso-ferric  hydrate  is  thrown  down — 

Fe2(SOj3    +    FeSO^    +    8NaH0  = 

Ferric  Ferrous  Sodium 

sulphate.  sulphate.  hydrate. 

Fe(H0)2,  Fe2(HO)6  +  il^a.^O^ 

Ferroso-ferric  hydrate.  Sodium 

sulphate. 

This  when  heated  in  a  closed  vessel  loses  water^ 
and  yields  the  ferroso-ferric  oxide. 

Fe(HO)„  Fe2(HO)6    =    FeO,  Fe203    +  4H,0 

Ferroso-ferric  hydrate.  Ferroso-ferric  Water. 

oxide. 

(c)  The  black  forge-scales,  which  collect  around 
the  blacksmith's  anvil,  consist  of  the  ferroso-ferric 
oxide. 

Iron  and  cyanog^cn  compounds.  (See 
pages  386,  392.) 

General  methods  of  raising:  ferrous  salts 
to  the  ferric  state.— (a)  The  passage  of  chlorine 
L,';is  through  a  solution  of  a  ferrous  salt  raises  it  to  the 
ferric  state,  thus  : 
s— 32 


274 


Chemistry. 


[Part  HI. 


SFeCl.    +    Clo    =  Pe.Clr, 

Ferrous  CUoruie.  Ferric 

chloride.  chloride. 


6FeS0^    +  3CI3 

Ferrous  Chlorine, 
sulphate. 


2Fe.(SO,)3 

Ferric 
sulphate. 


+ 


Fe,C], 

Ferric 
chloride. 


(6)  Nitric  acid  with  heat  will  raise  any  ferrou.s 
salt  to  the  ferric  state,  thus  : 


6FeCl.,  +  8HN0., 


Ferrous 
chloride. 


Nitric 
acid. 


2FeoCl(i 

Ferric 
chloride. 


+  Fe,(N03),.  + 

Ferric 
nitrate. 


N„0.,    +  4H,0 


Nitrogen 
dioxide. 


Water. 


GFeSO.^  + 

Ferrous 
sulphate. 


8HNO3  =  2Fe.(S0j).,j 

Nitric  Ferric 

acid.  sulphate. 

N„0..  +  4H„0 


Nitrogen 
dioxide. 


Water. 


+  Fe,(N03)6  + 

Ferric 
nitrate. 


(c)  Long-continued  exj)osure  to  air  will  convert 
most,  and  heating  in  the  air  will  convert  all  ferrous 
salts  into  ferric  salts. 

Oeiici  ai  iiietlioils  or  i'<>cluciug:  ferric  sails 
to  the  ferrous  state. — (a)  If  to  a  solution  of  a 
ferric  salt  some  zinc  be  added,  and  then  sufficient 
hydrochloric  acid  to  act  on  the  ziric  and  liberate 
hydrogen,  the  nascent  hydrogen  will  reduce  the  ferric 
salt  to  the  ferrous  state. 


FeoClg 

Ferric 
chloride. 


+    H.  -. 

Hydrogen. 


2FeCl..    +  2HC1 


Ferrous 
chloride. 


Hydrochloric 
acid. 


(6)  If  sulphuretted  hydrogen  be  passed  through  a 
solution  of  a  ferric  salt,  the  latter  will  be  reduced  to 
the  ferrous  state,  sulphur  being  thrown  down. 
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2Fe.Clu   +   2H,S   =   4FeCl.   +   4HC1  + 

Ferric  Sulphuretted       Ferrous'       Hydrochloric  SulpGur. 

chloride.  hydrogeu.         chloride.  acid. 

(c)  If  to  a  solution  of  a  ferric  salt,  solution  of 
stannous  chloride  be  added,  the  former  will  be  reduced 
to  the  ferrous  state,  the  latter  being  raised  to  the 
stannic  state. 

Fe^Clg    +    SnClj    =    2FeCl2    +  SnCl^ 

Ferric  Stannous  Ferrous  Stannic 

chloride.  chloride.  chloride.  chloride. 

Tests  for  iron  occwring  as  a  ferrous  salt. 

(i)  Ammonium  sulphide  gives  a  black  precipitate 
of  ferrous  sulphide. 

(ii)  Sulphuretted  hydrogen  gives  no  precipitate 
with  a  ferrous  salt.  This  negative  reaction  is  of  value 
in  the  separation  from  iron  of  metals  precipitated  by 
sulphuretted  hydrogen. 

(iii)  Potassium  ferrocyanide  (KjFeOyg)  gives  with 
ferrous  salts  a  precipitate,  at  first  almost  white, 
but  rapidly  changing  to  a  light  blue  colour,  owing  to 
absorption  of  oxygen  from  the  air.  This  precipitate 
is  a  double  ferrocyanide  of  iron  in  the  ferrous  state 
and  potassium  (FeKjFeCyg). 

(iv)  Potassium  ferricyanide  (KgFeoCyjj)  gives 
with  ferrous  salts  a  dark  blue  precipitate  of  Turn- 
bull's  blue  (Fe.jFejCy^n),  exactly  resembling  in  colour 
Prussian  blue. 

(v)  Potassium  siilphocyanide  gives  no  colour  with 
ferrous  salts,  provided  they  are  quite  free  from  ferric 
salts. 

(vi)  Alkalies,  such  as  ammonia,  potash,  and  soda, 
partially  precipitate  ferrous  salts  as  ferrous  hydrate, 
the  precipitate  being  white  at  first,  but  rapidly  turning 
to  a  greenish  colour  from  absorption  of  oxygen  from 
the  air. 
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Tests  for  iron  occurring  as  a  Jerric  salt. 

(i)  Ammouium  sulphide  reduces  a  ferric  salt  to 
the  ferrous  state,  producing  a  mixed  precipitate  of  the 
black  ferrous  sulphide  and  sulphui'. 

(ii)  Sulphuretted  hydrogen  passed  through  a  solu- 
tion of  a  ferx-ic  salt  reduces  it  to  the  ferrous  state, 
sulphur  being  precipitated. 

(iii)  Potassium  ferrocyanide  (K^FeCyg)  gives  a 
dark  blue  precipitate  of  Prussian  blue  (Fej^(FeCyfj)3). 

(iv)  Potassium  ferricyanide  gives  with  a  solution 
of  a  ferric  salt  a  brownish  colour,  no  precipitate  being 
produced. 

(v)  Potassium  sulphocyanide  gives  with  solutions 
of  ferric  salts  a  deep  blood-red  colour,  due  to  the 
formation  of  the  soluble  ferric  sulphocyanide. 

(vi)  The  alkalies,  ammonia,  potash,  and  soda, 
precipitate  from  ferric  solutions  the  reddish-brown 
ferric  hydrate. 


Distinguishing  Tests  between  Feukous  and  Fekric  Salts. 


Perhous  Salth. 

Ferric  Salts, 

Potassium 
cyanide. 

ferro- 

White  precip.,  rapidly 
changing  to  light 
blue. 

Dark  blue  precip.  of 
Prussian  blue. 

I'otassium 
cyanide. 

ferri- 

Dark  blue  precip.  of 
Tumbull's  blue. 

No  precip. ;  brownish 
colour  produced. 

Potassium 
cyanide. 

sulpho- 

No  change  of  coloiir. 

Dark  blood -red  co- 
lour. 

Alkalies 

WTiitish  precip.,  ra- 
pidly changing  to 
gi-een. 

Reddish-brown  pre- 
cipitate. 
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CHAPTER  VI. 

MANGANESE — CHROMIUM — COBALT  NICKEL — COPPKU. 

Manganese — Manganese  Salts — Tests  for  Manganese — Chromium — 
Chromium  Compounds— Test  for  Chromium — Cobalt — Nickel 
— Copper — Natui-al  Compounds  of  Copper^ — Preparation  and 
Properties  of  the  Metal  Copper— Action  of  Acids  on  Copper — 
Preparation  of  the  Copper  Salts — Tests  for  Copper. 

MANGANESE. 

Symbol,  Mn  ;  formula,  Mnj ;  hexad  ;  atomic  weight, 
55;  molecular  weight,  110. 

The  chief  natural  compound  of  manganese  is  the 
black  oxide  of  vianganese  or  pyrolusite  (MnOo). 
Manganese  exerts  its  full  atomicity  as  a  liexad  in  the 
manganates  and  permanganates ;  in  the  black  oxide 
of  manganese  it  only  exerts  the  atomicity  of  a 
tetrad,  whilst  in  manganous  sulphate  (MnSO^)  and 
manganous  chloride  it  acts  as  a  dyad  only.  The  metal 
is  of  but  little  interest. 

mang-anous  sulphate  (MnSOJ.  —  When 
manganese  dioxide  is  heated  with  strong  sulphuric 
acid,  oxygen  is  evolved  and  manganous  sulphate 
produced. 


2MnOo  +  2H2SO_^  = 

Manganese  Sulphuric 
dioxide.  acid. 


2MnS0^  +  2H2O  +  Oo 

Manganous  Water.  Oxygen, 
sulphate. 


niaiiganoiis  chloride  (MnClj). — This  com- 
pound is  obtained  as  a  bye-product  in  the  preparation 
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of  chlorine  from  manganese  dioxide  and  hydrochloric 
acid  under  the  influence  of  heat.    (<S'ee  page  132.) 

Polassiiim   niaiig:anatc   and  ]>c>iiiiaii$^a- 

iiatc. — The  latter  of  tliese  compounds  is  the  most 
important  manganese  preparation,  from  the  medical 
point  of  view.  (For  their  preparation  and  properties 
see  pages  218,  219.) 

Tests  for  Manganese. 

(i)  Ammonium  sulphide  throws  down  a  flesh- 
coloured  precipitate  of  manganous  sulphide. 

(ii)  Solution  of  ammonia  gives  a  white  precipi- 
tate of  manganous  hydrate,  which  darkens  on  exposure 
to  the  air,  owing  to  absorption  of  oxygen  and  conver- 
sion into  the  black  oxide  of  manganese. 

(iii)  If  any  manganese  salt  is  fused  with  sodium 
carbonate  and  potassium  nitrate  on  a  piece  of  platinum 
foil,  the  green  sodium  manganate  is  obtained  ;  if  this 
be  boiled  with  water,  a  red  solution  is  obtamed,  owing 
to  the  conversion  of  the  manganate  into  the  per- 
manganate. 

CHROMIUM. 

Symbol,  Cr ;  formula,  Cr„ ;  hexacl ;  atomic  iveight, 
52*2  ;  molecular  weight,  104  4. 

The  principal  compound  of  chromium  occurring  in 
nature  is  chrome  iron  ore  (FeO,  CrgO^).  The  metal  is 
only  of  scientiflc  interest. 

Potassium  cliromale  (KnCrOJ.— This  com- 
pound, known  also  as  yellow  cho-omate  of  potash,  is 
prepared  from  chrome  iron  ore  by  fusing  it  with 
potassium  carbonate  and  potassium  nitrate ;  ferric 
oxide  and  potassium  chromate  result,  the  latter  being 
dissolved  out  by  boiling  the  fused  mass  with  water. 
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Potassium  dicliroiiiate  (K^CrO^jCiO.J. — 
'This  is  more  commonly  called  bichromate  of  -potash  or, 
•  on  account  of  its  colour,  red  chromate  of  potash.  It  is 
J  prepared  by  acidifying  a  solution  of  potassium  chro- 
imate  with  sulphuric  acid,  concentrating  and  allowing 
I  the  dichromate  to  crystallise  out. 

*  2K2CrO^    +  =    K.CrO^,  CrOg  + 

Potassium  Sulpbm-ic  Potassium 

cbj-omate.  acid.  dichromate.  ■ 

Potassium  Water, 
isulpliatp. 

Ciiroiiiic  oxide  (Cr^O^). — This,  the  green  oxide 
i  of  chromium,  may  be  prepared  by  strongly  heating 
I  potassium  dichromate  ;  the  potassium  chromate  portion 
I  remains  uuclianged  by  the  heat,  whilst  the  chromic 

anhydride  (CrOg)  portion  is  decomposed  into  chromic 

oxide  and  oxygen. 

•4(K.,CrO.^Cr03)  =  4K2CrO^  +   2Cr303   +  3O3 

Potassium  Potassium  Chroiiiic  Oxygen, 

dichromate.  chromate.  oxide. 

Chi-omic  anhydride  (CrOg). — This,  the  red 
oxide  of.  chromium,  is  obtained  by  mixing  together 
equal  volumes  of  a  saturated  solution  of  potassium 
dichromate  and  strong  sulphuric  acid  ;  as  the  mixture 
cools,  the  chromic  anhydride  crystallises  out  in  long 
slender  needles  of  a  bright  crimson  colour. 

K^CrO^CrOg    +  =    2Cr0.i  + 

Potassium  Sulphuric  Chi-omic 

dichromate.  ncid.  anhydride. 

Potassium  Water, 
sulphate. 
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Chromic  anhydride  is  used  as  a  powerful  caustic 
under  the  name  of  chromic  acid  (Acidum  chromicum, 
B.  P.) ;  it  is  tlie  anhydride  of  chromic  acid,  into  whicli 
it  is  converted  by  dissolving  in  water. 

CrOg    +    HoO    =  HoCrO.^ 

Chromic  Water.  Chromic 

anhydride.  acid. 

Chrome  alum  (Cr,(S0.p3,  KoSO.^).— This  is  pre- 
pared by  heating  potassium  dichromate  with  sulphuric 
acid  in  presence  of  some  reducing  agent  such  as 
alcohol,  the  alcohol  uniting  with  the  excess  of  oxygen 
of  the  dichromate  to  form  acetic  acid,  the  sulphuric 
acid  then  uniting  with  the  two  metals  to  form  .the 
double  sulphate. 

Test  for  Chromium. 

If  a  chromium  salt  be  fused  with  sodium  carbonate 
and  potassium  nitrate  on  a  piece  of  platinum  foil,  the 
yellow  sodium  chroraate  is  formed  ;  on  dissolving  this 
in  boiling  water,  and  acidifying  the  solution  with 
acetic  acid,  a  yellow  precipitate  (lead  chromate)  will 
be  obtained  on  the  addition  of  lead  acetate. 


COBALT  AND  NICKEL. 

These  metals  exist  in  nature  combined  with  arseni- 
cum  and  with  sulphur.  Their  compounds  are  not  used 
in  medicine.  Cobalt  salts  are  used  for  staining  glass  of 
a  dark  blue  colour.  Nickel  is  mainly  employed  in  the 
preparation  of  certain  alloys  ;  the  principal  alloy  is 
German  silver  or  nickel  silver,  which  consists  of  copper, 
zinc,  and  nickel.  Nickel-plating,  which  is  now  largely 
employed,  consists  in  coating  metallic  articles  with  a 
thin  layer  of  nickel  by  means  of  an  electric  current ; 
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tlie  coating  of  nickel  impioves  the  appearance  of  the 
articles  ;  it  rusts  or  tarnishes  but  very  slowly,  and 
on  articles  made  of  iron,  cftectually  prevents  the  rust- 
ing of  the  iron. 

COPPER. 

Symbol,  Cu  ;  formula,  Cun ;  dyad;  atomic  weight,  6 3 "5; 
molecular  tueight,  127. 

Natural  compoiiiids  of  copper.  —  (i)  The 

commonest  copper  ore  is  copper  pyrites,  a  double 
sulphide  of  copper  and  ii-on  (CuFeS,),  containing  in 
addition  some  sulphide  of  arsenic.  (ii)  Cuprite  or 
red  copper  ore  consists  of  cuprous  oxide  (CuoO). 
(iii)  Malachite  is  a  double  carbonate  and  hydrate  of 
copper  (CuC03,Cu(H0)^).  (iv)  The  metal  copper 
is  found  to  a  certain  extent  free  in  nature,  occurring 
especially  in  North  America. 

Preparation  of  the  metal  copper. — The 
separation  of  the  metal  copper  from  copper  pyrites  is 
a  lengthy  and  complicated  process  ;  briefly  described, 
the  copper  ore  is  first  smelted  in  a  reverberatory 
furnace  to  expel  sulphur  and  arsenic,  and  to  form 
copper  oxide,  which  is  then  reduced  to  the  metallic 
state  by  roasting  with  some  form  of  carbon.  Chemic- 
ally pure  copper  may  be  obtained  by  passing 
hydrogen  over  copper  oxide  raised  to  a  red  heat. 

2CuO    +    2H2    =    Cug    +  2R„0 

Copiier  Hydrogen.        Copper.  Water, 

oxide. 

Properties  of  the  metal  copper. —  Copper  is 
one  of  the  few  metals  possessing  a  distinctive  colour — 
it  is  bright  red  ;  it  is  a  very  malleable  and  ductile 
metal,  and  is  an  extremely  good  conductor  of  both 
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heat  and  electricity,  hence  its  employment  for  lightning 
conductors.  Copper  remains  unchanged  in  dry  air, 
but  in  moist  air  it  becomes  gradually  covered  with  a 
green  layer  of  a  basic  copper  carbonate,  frequently 
mistaken  for  verdigris,  which  is  an  ox^'acetate  of 
copper.  Water  can  be  boiled  in  copper  vessels  without 
attacking  them,  but  a  solution  of  common  salt  slowly 
attacks  copper,  forming  a  green  oxychloride  of  copper, 
and  vinegar  still  more  I'eadily  acts  on  copper  vessels 
forming  verdigris  (oxyacetate  of  copper)  ;  hence  the 
danger  of  using  copper  vessels  for  culinaiy  purposes, 
the  copper  salts  produced  by  the  action  of  common 
salt  and  vinegar  being  poisonous.  Copper  does  not 
decompose  steam,  even  at  a  bright  red  heat  \  if  copper 
bo  heated  to  redness  in  the  air,  it  readily  oxidises, 
forming  the  black  copper  oxide  (CuO).  The  metal 
copper  is  deposited  from  its  solutioiis  by  either  iron  or 
zinc,  and  it  is  also  deposited  at  the  negative  pole  when 
an  electx'ic  current  is  passed  through  a  solution  of 
copper  sulphate,  a  process  employed  in  producing 
electrotypes  or  copies  of  objects  in  copper. 

Copper  enters  into  the  formation  of  several  very 
useful  alloys.  Brass  contains  about  70  parts  of  copper 
to  30  parts  of  zinc ;  a  larger  proportion  of  zinc  yields 
an  alloy  of  a  pale  yellow  colour,  known  as  Muntz  metal, 
largely  used  for  covering  wooden  ships  ;  by  increasing 
the  amount  of  copper,  and  adding  a  little  tin,  Dutch 
metal  is  obtained.  Bronze,  gun-metal,  and  bell-metal 
are  alloys  of  copper  and  tin  containing  from  80  to  90 
per  cent,  of  copper ;  sjieculum  m.etal  is  a  hard  white 
alloy  of  2  parts  of  copper  to  1  part  of  tin  ;  it  is  capable 
of  taking  a  higli  polisla,  and  is  used  for  the  mirrors  of 
reflecting  telescoj^es.  German  silver  or  nickel  silver 
is  an  alloy  of  copper,  zinc,  and  nickel ;  all  silver 
articles  and  silver  coins  contain  some  copper,  in  order 
to  render  the  silver  harder ;  aluminium  bronze  or 
aluminium  gold  is  an  alloy  of  copper  and  aluminium. 


J 


Chap.  VI.]  Copper  Salts.  283 

Action  of  acids  on  copper. — Dilute  sulphuric 
acid  has  no  action  on  the  metal  copper.  Strong 
sulphuric  acid  with  heat  readily  acts  on  copper,  form- 
ing the  sulphate  and  evolving  sulphur  dioxide  gas. 

Cuo     -f     4HoS6.i     =     2CuS0^  + 

Copper.  Sulphuric  Copper 

acid.  sulphate. 

2SO3  +  4H2O 
Sulphiir  Water, 
dioxide. 

Nitric  acid  readily  acts  on  copper  forming  copper 
nitrate,  with  evolution  of  nitrogen  dioxide. 

Cn.,      +      8HNO.5     =      3Cu(NO.,)2  + 

Copper.  Nitric  "  Copper 

I  acid.  nitrate. 

i  +  4H2O 

!  Nitrogen  Water. 

I  dioxide. 

I 

!  Plydrochloric  acid  has  no  action  on  the  metal 
^\  copper. 

!  Copper  Salts. 

.  i  Copper  forms  two  classes  of  compounds,  ciLpric  and 
)^  cuprous;  in  both  classes  the  copper  is  acting  as  a 
vi  dyad,  but  all  cuprous  compounds  contain  in  the  mole- 
I  [■  cule  two  atoms  of  copper,  and  as  these  two  atoms  are 
ip  linked  together  by  an  atom-fixing  power  of  each,  the 
i  t  copper  atoms  only  exei't  towards  other  elements  the 
^  i  atom-fixing  power  of  a  monad ;  this  will  be  rendei-ed 
'  {  evident  by  inspection  of  the  following  graphic  formula 
'\  of  cupric  chloride  (CnCl,)  and  cuprous  chloride 
'  (CuoCU. 

■         CI  -  Cu-  CI  CI  -  Cu  -  Cu  -  CI 

Cupric  chloride.  Cuprous  chloride. 
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Copper  sulphate  (CuSOj).— This,  the  com- 
monest salt  of  copper,  is  also  known  as  hlue  vitriol 
and  bluestone.  It  is  prepared  (a)  by  the  action  of 
strong  sulphuric  acid  on  the  metal  copper — 

Cu,     +     4H3SO^    .=     2CUSO4  + 

Copper,  Sulphuric  Copper 

acid.  sulpliate. 

2SOo     +  4H,0 

Sulphur  Water ; 

dioxide. 

(6)  by  the  action  of  dilute  sulphuric  acid  on  cupric 
oxide — 

CuO    +    HoSO^    =    CuSO.^    +  HoO 

Cupric  Sulphuric  Copper  "Wafer; 

oxide.  acid.  sulphate. 

(c)  by  roasting  copper  pyrites  in  the  air,  by  which 
process  it  is  obtained  mixed  with  sulphate  of  iron. 

Copper  sulphate  in  its  crystalline  condition  con- 
tains five  molecules  of  water  of  crystallisation  (CuSO^, 
5PIoO) ;  these  can  be  expelled  by  heat  leaving  the 
anhydrous  copper  sulphate  (CuSO.j)  which  is  of  a 
white  colour ;  if  this  anhydrous  copper  sulphate  is 
shaken  with  liquids  containing  water,  it  unites  with 
the  water  forming  the  blue  crystalline  variety,  and 
hence  becomes  a  valuable  test  for  the  detection  of 
water  in  liquids  which  should,  if  pure,  be  free  from 
it,  such  as  absolute  alcohol. 

Cupric  oxide  (CuO). — This,  the  black  copper 
oxide,  may  be  obtained  (a)  by  roasting  the  metal 
copper  in  air,  (b)  by  heating  copper  nitrate — 

2Cu(N03)2    =    2CuO    +     SNoO.^    +  0^ 

Coijper    "  Cupric  Nitrogen  Oxygeu ; 

nitrate.  oxide.  tetroxide. 
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(c)  by  adding  caustic  soda  to  a  solution  of  copper 
ssulphate  to  precipitate  the  light  blue  copper  hydrate 
((Cu(HO)o),  and  then  boiling  the  liquid,  when  the 
icopper  hydrate  decomposes  into  cupric  oxide  and  water. 

Cu(HO),    =    CuO    +  HjO 

Copper  Cupric  Water, 

hydrate.  oxide. 

Cuprous  oxide  (Cu^O). — -This,  the  red  oxide 
cof  copper,  is  best  prepared  by  boiling  a  mixed  solution 
cof  copper  sulphate,  grape  sugar,  and  caustic  potash  or 
ssoda ;  in  the  absence  of  the  grape  sugar,  cupric  oxide 
((CuO)  would  be  thrown  down,  but  the  grape  sugar 
I  possesses  the  property  of  abstracting  one-half  of  the 
1  oxygen  from  the  cupric  oxide,  with  the  consequent 
t  formation  and  precipitation  of  the  red  cuprous  oxide. 
'This  constitutes  the  test  for  sugar  in  diabetic  urine. 

Copper  nitrate  (Cu(N0.^)2)  is  [)repared  by  the 
.  action  of  nitric  acid  on  the  metal  copper. 

Cu.j      +      8HNO3      =      3Cu(N03)2  + 


Copiier.  Nitric  Coi)X)er 

acid.  nitrate. 

N3O2  +  4H2O 
Nitrogen  Water, 
dioxide. 


Copper  oxysicetate  (verdigris)  (Cu20(C2H302)2) 
is  prepared  by  exposing  copper  to  the  fumes  of  acetic 
acid  and  the  action  of  the  air. 

Copper  arsenite  (Scheele's  green)  (CuHAsOg) 
is  prepared  by  mixing  solutions  of  copper  sulphate 
and  sodium  arsenite,  when  it  is  thrown  down  as  a 
briglit  green  precipitate. 


CuSO^    +    NaoHAsOg  = 

Copper  Sodium 
8uli)Uato.  arsenite. 


CuHAsOg  +  NajSO.^ 

Scheele's  Sodium 
Screen.  sulphate. 
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Scheele's  green  is  very  poisonous,  mainly  on 
account  of  the  arsenic  contained  in  it ;  it  is  a  pigment 
frequently  employed  in  the  colouring  of  wall-papers, 
book-covers,  etc.  For  the  methods  of  detecting  it  in 
wall-papers,  etc.,  see  pages  318,  319,  321. 

Tests  for  Copper. 

(i)  Sulphuretted  hydrogen  passed  into  copper 
solutions  gives  a  black  precipitate  of  copper  sulphide 
(CuS). 

(ii)  Ammonium  sulphide  gives  a  similar  precipi- 
tate of  the  black  copper  sulphide. 

(iii)  Potassium  ferrocyanide  gives  a  reddish- 
brown  precipitate  of  copper  ferrocyanide  (CuoFeCyg). 
This  is  the  most  delicate  test  for  copper,  as  an  ex- 
tremely dilute  solution  of  a  copper  salt  is  tinted 
reddish-brown  on  the  addition  of  potassium  ferro- 
cyanide. 

(iv)  Solution  of  ammonia  gives  a  light  blue  pre- 
cipitate of  copper  hydrate  (Cu(HO)o),  I'eadily  soluble 
in  excess  of  ammonia  and  yielding  an  intensely  dark- 
blue  solution.  This  is  a  very  delicate  test  for  copper 
salts. 

(v)  Solution  of  caustic  potash  or  caustic  soda 
produces  a  light  blue  precipitate  of  copper  hydrate, 
not  soluble  in  excess  of  the  fixed  alkali  ;  on  boiling 
the  liquid,  the  light  blue  precipitate  turns  black,  due 
to  decomposition  of  the  copper  hydrate  into  cupric 
oxide  and  water. 

(vi)  A  piece  of  bright  steel,  su';h  as  the  polished 
steel  blade  of  a  knife,  if  immersed  in  a  solution  of  a 
copper  salt,  becomes  in  a  short  time  coloured  with  a 
reddish  deposit  of  the  metal  copper  upon  it.  This  is 
a  ready  and  useful  test  for  ascertaining  whether  a  blue 
liquid  contains  copper  or  not. 
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!  CHAPTER  VII. 

I  MERCURY. 

\\  Mercury — Occurrence  in  Nature — -Preparation  and  Properties  of 

I  the  Metal  Mercury — Action  of  Acids  on  Mercury — Preparation 

I  of  the  Merciu'Oiis  and  Merciu-ic  Salts— Test  for  IMercury — 

I  Distinguishing  Tests  between  Mercurous  and  Mercxiric  Salts. 
I 

i  MERCURY. 

i 

'(\  Si/mbol,       ;  formula,  Hg  ;  dyad ;  atomic  weight,  200  ; 

i  molecular  weight,  200. 

i 

J>[atiii':il  coin  pounds  of  mercury. —  (i)  The 

^, ;  chief  natural  compound  of  mercury  is  cinnabar,  a 

a  sulphide  of  mercury  (HgS),  which  is  found  in  masses 

f"]  of  a  dark  red  colour,    (ii)  Mercury  is  occasionally 

\\  found  in  the  free  state  in  small  quantities. 

Preparation  of  the  metal  mercury.^ — ^It  is 

c|;  obtained  from  cinnabar  by  heating  it  with  quicklime 

il-:  in  retorts,  when  double  decomposition  first  takes  place 

il  between  the  cinnabar  and  the  lime,  resulting  in  the 

1  j(  formation  of  mercuric  oxide  and  calcium  sulphide. 

HgS    +     CaO    =    HgO     +  CaS 

t  Cinnabar.           Lime.            Mercuric  Calcium 

■  oxide.  sulphide. 

! 

C  I  The  mercuric  oxide  is  then  decomposed  by  the  heat 

i\  into  mercury  and  oxygen,  the  mercury  distilling  over, 

!  <  and  being  condensed  in  a  suitable  receiver. 

;  Mei  •cuiy  may  also  be  obtained  by  roasting  cin- 
nabar in  excess  of  air,  and  passing  the  resulting 
vapours  of  mercury  and  sulphur  dioxide  through  a 


I 
1 


288 


Chemistry. 


(Part  III. 


series  of  condensing  chambers  to  condense  the 
mercury. 

Properties    of    the    metal  mercury.— At 

ordinary  temperatures  mercury  is  a  heavy  lustrous 
liquid ;  it  is  the  only  metal  that  is  liquid  at  ordinary 
temperatures,  with  the  exception  of  the  rare  metal 
gallium  j  it  is  commonly  known  as  quicksilver,  on 
account  of  its  possessing  a  white  colour  like  silver, 
and  from  its  being  liquid.  Its  specific  gravity  is 
13-55 ;  it  solidifies  at  —40°  C,  and  boils  at  357°  C. ; 
it  volatilises  slowly  at  ordinary  temperatures  ;  it  re- 
mains unchanged  in  air  at  ordinary  temperatures,  but 
when  heated  to  300°  C,  in  contact  with  air,  it  oxi- 
dises, forming  the  red  oxide  of  mercury.  It  is  capable 
of  a  very  fine  state  of  division,  by  being  well  rubbed 
with  certain  substances,  and  in  this  finely-divided 
state  it  is  employed  in  some  medicinal  preparations. 
Those  containing  such  finely-divided  mercury  are  blue 
pill  [Pilula  hydrargyria  B.  P.),  gi'ey  powder  {Hydrar- 
gyrum cum  cretd,  B.  P.),  and  mercury  ointment  (Un- 
gnenttim  hydrargyri,  B.  P.).  Mercury  unites  with 
most  of  the  metals,  forming  amalgams,  the  most  useful 
of  which  is  an  amalgam  of  mercury  and  tin,  which  is 
used  for  silvering  ordinary  looking-glasses.  Mercury 
does  not  unite  or  amalgamate  with  iron  and  platinum, 
hence  it  Ib  generally  stored  in  large  iron  bottles. 

Action  of  acids  on  mercury.— Dilute  sul- 
})huric  acid  and  hydrochloric  acid  have  no  action  on 
mercury.  Strongly  sulphuric  acid  with  heat  acts  on 
mercury,  forming  mercuric  sulphate,  and  evolving 
sulphur  dioxide. 

Hg  -f  2H2SO^  =  HgSO^  +   SOo  4-  2H2O 

Mercury.      Sulphui-ic  Mercuric  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Nitric  acid  acts  on  mercury,  producing  diflFerent 
mercury  salts,  accordingly  as  strong  or  dilute  nitric 
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acid  is  employed  with  heat  or  without.  Strong  nitric 
acid  with  heat  forms  mercuric  nitrate,  with  evolution 
of  nitrogen  dioxide. 

3Hg  +  8HNO3  =  3Hg(NO.,)2  +  NoOg  +  4H3O 

Jler-  Nitric  Mercuric  Nitrogen  Water, 

oury.  acid.  nitrate.  dioxide. 

Moderately  diluted  nitric  acid  digested  with  mer- 
I  cury  in  the  cold  forms  mercurous  nitrate  with  evolu- 
tion of  nitrogen  dioxide. 

(6Hg  +  8HNO3  =  3Hg2(N03)2  +  +  4H2O 

4Ier-  Nitric  Mercurous  Nitrogen  Water, 

cury.  acid.  nitrate.  dioxide. 

Aqua   regia   (nitro-hydrochloi'ic   acid)  dissolves 
•mercury,  forming   mercuric  chloride,  and  evolving 
nitrogen  dioxide. 


3Hg  +  6HC1  +  2HNO3  = 

Mer-  Hydrochloric  Nitric 
cnry.  acid.  acid. 


3HgCl2  +  N2O3  +  4H2O 

Mercuric  Nitroaen  Water, 
chloride.  dioxide. 


Mercury  Salts. 

There  are  two  classes  of  mercury  salts,  mercuric 
i  and  mercurous,  in  both  of  which  the  mercury  is  acting 
:  as  a  dyad ;  but  all  mercurous  compounds  contain  in 
the  molecule  two  atoms  of  mercury,  and  as  these  two 
I  atoms  are  linked  together  by  an  atom-fixing  power  of 
(Bach,  the  mercury  atoms  only  exert  towards  other 
I  elements  the  atom-fixing  power  of  a  monad.  This  is 
I  rendered  evident  by  inspection  of  the  following 
1  graphic  formulije  of  mercuric  cldoride  (HgOlg)  and 
I  mercurous  cliloride  (HggClg). 


CI— Hg— CI 

Mercuric  chloride. 

T-32 


CI— Hg  Hg— CI 

Mercurous  chloride. 
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For  a  further  description  of  the  compositiou  of 
mercurous  salts,  see  page  51. 

It  will  be  convenient  to  describe  the  various  mer- 
curic and  mei'curous  salts  together  in  couples. 

Mercuric  sulphate  (HgSO^)  is  prepared  by 
the  action  of  strong  sulphuric  acid  with  heat  on 
mercury. 

Hg   +   2H2SO4  =.  HgS04  +  SO2  +  2H2O 

Mercury.        Sulphuric  Mercuric        Sulplrur  Water, 

acid.  sulphate.  dioxide. 

Mercuric  sulphate  is  largely  used  in  the  preparation 
of  mercuric  chloride  (corrosive  sublimate),  and  also 
for  preparing  mercurous  sulphate,  from  which  calomel 
is  made.  Mercuric  sulphate  is  decomposed  by  water, 
with  production  of  a  yellow  oxysulphate  of  mercury 
(HggOoSO.^),  formerly  employed  in  medicine  under 
the  name  of  Turpeth  mineral. 

3HgS0.^  +  2H2O  =  HggOaSO^  +  2H2SO4 

Mercuric  Water.  Turpetli  Sulphuric 

sulpliate.  mineral.  acid. 

Wlercuroiis  sulphate  (Hg2S04). — This  is  pre- 
pared by  well  rubbing  mercuric  sulphate  with  as  much 
mercury  as  it  already  contains. 

HgSO^    +    Hg    =  HgaSO, 

Mercuric  Mercury.  Mercurous 

sulphate.  sulphate. 

This  salt  is  used  for  the  preparation  of  calomel ;  it  is 
very  apt  to  be  contaminated  with  some  unchanged 
mercuric  sulphate. 

Mercuric  chloride  (HgClj). — This  important 
salt  is  also  known  as  perchloride  of  mercury,  bichloride 
of  mercury,  and  corrosive  sublimate.  It  is  prepared 
by  heating  a  mixture  of  mercuric  sulphate  and  sodium 
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chloride  (common  salt),  and  conveying  the  vapour  of 
the  mercuric  chloride  into  a  cool  chamber,  where  it 
condenses  to  a  white  crystalline  solid. 


HgSO, 

Mercuric 
sulphate. 


+  2NaCl 

Sodiimi 
chloride. 


=    HgCl,  + 

Mercuric 
chloride 


Sodium 
sulphate. 


Mercuric  chloride  is  a  very  poisonous  substance ;  it  is 
soluble  in  water,  but  if  the  solution  is  kept  exposed 
to  light  it  slowly  decomposes,  depositing  mercurous 
chloride  (calomel) ;  to  prevent  this  change,  the  solu- 
tion employed  in  medicine  {Liquor  hydrargyri  2>er- 
chloridi,  B.  P.)  contains  equal  weights  of  mercuric 
chloride  and  ammonium  chloride  in  solution,  by  which 
means  a  stable  double  salt  (HgCl,,  2NH4CI)  is  formed, 
which  does  not  decompose  by  keeping  in  the  light, 
and  in  which  the  therapeutical  properties  of  the  mer- 
curic chloride  remain  unaltered.  A  weak  aqueous 
solution  of  mercuric  chloride  (1  part  in  1,000  of 
water)  is  a  powerful  germicide,  and  is  largely  used  in 
surgery  as  an  antiseptic  lotion ;  in  using  it,  care 
should  be  taken  not  to  dip  articles  of  gold,  such  as 
rings,  into  it,  as  they  would  quickly  become  coated 
with  metallic  mercury. 

Mercurous  chloride  (HggClg). — This  largely- 
employed  mercurial  preparation  is  also  known  as 
calomel  and  suhchloride  of  mercury.  It  is  prepared  by 
heating  a  mixture  of  mercurous  sulphate  and  sodium 
chloride  (common  salt),  when  the  calomel  that  is 
formed  volatilises,  and  the  vapour  is  conveyed  into  a 
cool  chamber,  within  which  it  condenses  to  a  white 
powder. 


Hg2S0,t    -I-  2NaCl 

Jlercurous  Sodium 
sulphate.  chloride. 


=    HggCla  NagSO^ 

Mercurous  Sodium 
chloride.  sulphate. 
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As  the  mercurous  sulphate  is  apt  to  be  contamin- 
ated with  mercuric  sulphate,  so  calomel  is  apt  to  be 
contaminated  with  corrosive  sublimate  formed  from 
the  mercuric  sulphate  ;  the  calomel  must  be  freed 
from  this  impurity  by  thoroughly  washing  it  with  hot 
water,  until  the  washings  cease  to  show  the  presence 
of  corrosive  sublimate,  as  indicated  by  their  ceasing  to 
give  a  black  precipitate  with  ammonium  sulphide. 
As  calomel  is  given  in  fairly  large  doses  (5  to  10  grains), 
it  is  most  important  that  it  should  be  thoroughly 
freed  from  the  poisonous  corrosive  sublimate.  A 
simple  test  for  the  detection  of  the  latter  impurity  in 
calomel  is  to  place  some  of  the  calomel  on  a  clean 
knife-blade,  moisten  it  with  a  few  drops  of  alcohol, 
and  allow  it  to  remain  for  a  few  minutes,  when  a 
black  spot  will  be  produced  on  the  blade  if  corrosive 
sublimate  is  present. 

Another  method  of  preparing  calomel  is  to  precipi- 
tate it  from  a  solution  of  mercurous  nitrate  by  means 
of  hydrochloric  acid. 

Hg2(NO.,)o     +    2HC1    =    HggCl,    -f-  2HNO3 

Mercurous  HydrocUloric         Mercurous  Nitric 

nitrate.  acid.  chloride.  acid. 

This  process  is  not  employed  for  the  preparation  of 
the  calomel  used  in  medicine,  the  sublimation  process 
always  being  used  for  the  commercial  production  of 
calomel. 

Mercuric  iodide  (Hgl,),  also  known  as  the 
biniodide  of  mercury  and  the  red  iodide  of  mercury, 
is  prepared  by  precipitating  a  solution  of  mercuric 
chloride  with  potassium  iodide.  It  is  thrown  down  at 
first  as  a  yellow  precipitate,  rapidly  changing  to  red. 


HgOl^    -f     2KI  = 

Mercuric  Potassium 
chloride.  iodide. 


Hglg    +  2KC1 

Mercunc  Potassium 
iodide.  chloride. 
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j        The  precipitated  mercuric  iodide  is  soluble  in 
/  |   excess  of  either  mercuric  chloride  or  of  iodide  of 
potassium,  but  especially  in  the  latter  ;  with  excess  of 
potassium  iodide  it  forms  a  soluble  double  iodide 

■  (Hgl2,2KI),  which  is  a  very  convenient  and  fre- 
i   quently  employed   form  of  administering  mercury 

.  i  internally.    This  is  generally  done  by  prescribing 

.  i  together  a  suitable  dose  of  perchloride  of  mercury 

'  1  {Liquor  hydrargyri  perchloride,  B.  P.)  -with  excess  of 

!  potassium  iodide.    A  weak  solution  of  this  double 

■  iodide  (1  part  in  2,000  or  3,000  of  water)  is  also  a 
i  powerful  germicide  and  disinfectant,  and  is  employed 
i  as  an  antiseptic  lotion.    Nessler^s  solution  is  a  solution 

.  f    of  this  double  iodide  of  mercury  and  potassium  mixed 
f    with  caustic  potash.    It  constitutes  an  extremely 
I    delicate  test  for  ammonia,  and  can  be  used  for  the 
i    detection  of  most  minute  quantities  of  ammonia  in 
1    drinking  waters,  imparting  a  yellow  or  brownish  tint 
to  the  water,  according  to  the  amount  of  ammonia 
present.    This  test  is  known  as  Nessler's  test.  The 
yellow  or  brownish  colour  is  due  to  the  precipitation 
of  the  dimercuric-ammonium  iodide   (NHgoI) — i.e. 
ammonium  iodide  (NH^I),  from  which  the  four  atoms 
of  the  monad  hydrogen  have  been  displaced  by  two 
atoms  of  the  dyad  mercury. 

NHg    +    2Hgl2    =    NHg^I    +  3HI 

Ammonia.  Mercuric  Di-mercuric-  Hydriodio 

iodide.        ammonium  iodide.  acid. 

Merciiroiis  iodide  (HgJo),  also  known  as  the 
green  iodide  of  mercury,  is  prepared  by  direct 
combination  of  its  elements  in  suitable  proportions — 
i.e.  by  rubbing  200  parts  of  mercury  with  127  parts  of 
iodine  and  a  little  alcohol,  the  latter  being  used  to 
prevent  elevation  of  temperature,  due  to  the  chemical 
action  taking  place. 
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Mercuric  nitrate  (Hg(N03)2)  is  prepared  by 
the  action  of  strong  nitric  acid  with  heat  on  the 
metal  mercury. 

3Hg  +  SHNOs  =  3Hg(NO.,)2  +  N2O3  +  4H,0 

Mercury.         Nitric  Mercuric  Nitroeren  Water, 

acid.  nitrate.  dioxide. 

Mercurous  nitrate  (Hg2(]SrO,,)2)  is  prepared  by 
the  action  of  moderately  diluted  nitric  acid  in  the  cold 
on  the  metal  mercury. 

6Hg  +  -SHNOg  =  3Hg2(N03)o  +  N.Oo  +  4H2O 

Meroiry.        Nitric  Mercurous         Nitrogen  Water, 

acid.  nitrate.  dioxide. 

ITIercuric  oxide  (HgO). — There  are  two  varieties 
of  this  oxide — the  red  or  crystalline  variety,  and  the 
yelloiv  or  amorphous  variety.  The  red  mercuric 
oxide,  commonly  known  as  red  precipitate,  is  obtained 
as  a  red  crystalline  powder  by  heating  a  mixture  of 
mercuric  nitrate  and  metallic  mercury. 

Hg(N03)3    +    Hg    =    2HgO    +  N^O, 

Mercuric  Mercury.         Mercuric  Nitrogen 

nitrate.  red  oxide.  tetroxide. 

It  may  also  be  obtained  by  heating  mercury  with 
exposure  to  the  air  for  some  time  at  a  temperature  of 
300°  C. 

The  yellow  mercuric  oxide  is  obtained  as  a  yellow 
amorphous  powder  by  precipitating  a  solution  of 
mercuric  chloride  with  any  of  the  fixed  alkalies, 
potash,  soda,  or  lime. 


HgCl,  +  2NaH0  =  HgO  +  2NaCl  +  R,0 

Mercuri'c  Sodium         Mercuric         Sodium  Water, 

chloride.  liydrate.      yellow  oxide,  chloride. 
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The  yellow  mercuric  oxide  is  contained  in  yellow 
lotion  or  yellotv  wash  (Lotio  hydrargyri  Jlava,  B.  P.), 
in  which  it  is  made  by  precipitating  a  weak  solution 
of  mercuric  chloride  with  lime-water. 

HgCl.   +   Ca(H0)2  =  HgO   +   CaCla   +  H.O 

Mercuric  Calcium  Mercuric         Calcium  Water, 

chloride.  hydrate.         yellow  oxide.  chloride. 

Merciirous  oxide  (HgjO)  is  also  known  as 
black  oxide  of  mercury ;  it  is  prepared  by  the  action 
of  one  of  the  fixed  alkalies,  potash,  soda,  or  lime,  on  a 
raercurous  salt ;  it  is  contained  in  black  lotion  or  black 
toash  (Lotio  hydrargyri  nigra,  B.  P.),  in  which  it  is 
obtained  as  a  black  precipitate  by  shaking  together 
calomel  (mercurous  chloride)  and  lime-water. 

HgaClo  +  Ca(HO)o  =  HggO  +  CaCla  +  H^O 

Mercurous  Caicium         Mercurous       Calcium  Water, 

chloride.  hydrate.  oxide.  chloride. 

Mercuric  cyanide  (IIg(CN)2).— If  red  mer- 
curic oxide  is  digested  in  dilute  hydrocyanic  acid,  it 
dissolves,  and  mercuric  cyanide  is  afterwards  deposited 
in  crystals. 

HgO  +  2HCN  =  Hg(CN)2  +  H^O 

Mercuric  Hydrocyanic       Mercuric  Water, 
oxide.  acid.  cyanide. 

Amiiioniated  mercury  (NHoHgCl).  —  This 
compound,  commonly  known  as  tchite  2}reci2)itate,  is 
mercuric  ammonium  chloride ;  that  is,  it  consists  of 
ammonium  chloride  (NH^Cl)  from  which  two  atoms 
of  the  monad  hydrogen  have  been  displaced  by  one 
atom  of  the  dyad  mercury,  as  is  rendei-ed  evident  by 
inspection  of  their  graphic  formulse. 
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Animonium  Ammoniated 
chloride.  mercury. 


It  is  obtained  as  a  white  precipitate  by  pourins; 
a  solution  of  mercuric  chloride  into  a  solution  of 
ammonia. 

HgClo  +  2NH3  =  NHoHgCl  +  NH^Cl 

Mercuric      Ammouia.        Ammouinted  Ammonium 
chloride.  mercury.  chloride. 

Itlerciu'ic  sulphide  (HgS).  —  This  exists  in 
nature  as  cinnabar  ;  it  constitutes  the  pigment  ver- 
milion, which  is  prepared  by  rubbing  together  niex-cury 
and  sulphur,  when  the  black  amorphous  mercuric 
sulphide  is  obtained,  which  on  heating  sublimes  as 
vermilion ;  the  composition  of  the  sulphide  is  not 
changed  by  the  heat,  but  the  black  amorphous  sul- 
pliide  becomes  converted  into  the  red  crystalline 
variety.  Ethiop's  mineral,  formerly  employed  in 
medicine,  is  a  mixture  of  the  black  mercuric  sulphide 
and  free  sulphur  ;  it  is  obtained  by  rubbing  mercury 
with  excess  of  sulphur. 

Mercuric  oleatc. — This  substance,  which  is  now 
frequently  used  as  an  external  application  in  certain 
skin  diseases,  is  prepared  by  dissolving  yellow  mercuric 
oxide  in  oleic  acid. 

Test  for  Mercury. 

All  solid  mercury  compounds  if  mixed  with  lime 
or  sodium  carbonate,  and  then  heated  in  a  dry  test^ 


hap.  VII.K  T£STS  FOR  MeRCURY. 


297 


be,  yield  a  subliuiate  of  metallic  mercury  on  the 
ol  sides  of  the  tube ;  this  sublimate,  when  rubbed 
ith  a  glass  rod,  produces  the  characteristic  globules 
f  mercury. 

Tests  for  Mercuric  Salts. 

(i)  Sulphuretted  hydrogen  gives  a  black  jDre- 
""jutate  of  mercuric  sulphide  ;  if  the  solution  of  the 

ercuric  salts  is  strong,  the  precipitate  may  at  first 
ome  down  of  a  yellowish- white  colour ;  afterwards, 
J?  more  sulphuretted  hydrogen  passes  in,  the  light- 
oloured  precipitate  passes  through  successive  stages 
f  dark  yellow,  orange,  and  brown,  to  a  black  colour ; 
'  ese  colour  stages  are  due  to  the  partial  displacement, 
t  first,  of  the  acid  radical  of  the  mercury  salt  by  the 
ulphur. 

(ii)  Ammonium   sulphide   also  precipitates  the 
lack  mercuric  sulphide. 

(iii)  Potassium  iodide  gives  witli  a  solution  of  a 
ercuric  salt  a  precipitate  of  red  mercuric  iodide,  the 

recipitate  being  thrown  down  at  first  of  a  yellowish 
olour,  rapidly  changing  to  red  ;  it  is  soluble  in  excess 
f  either  the  mercuric  salt  or  of  potassium  iodide,  but 
pecially  so  in  the  latter. 

(iv)  If  a  solution  of  a  mercuric  salt  is  acidified 
with  a  few  drops  of  hydrochloric  acid,  and  then  boiled 

Ifor  a  few  minutes  with  a  strip  of  bright  copper  foil, 
he  metal  mercury  is  deposited  on  the  surface  of  the 
trip  of  copper,  giving  to  it  a  characteristic  lustre 
resembling  polished  silver;  if  the  strip  of  copper  is 
ashed  with  water,  carefully  dried,  and  then  heated 
a  dry  test-tube,  a  sublimate  of  metallic  mercury 
'U  be  obtained  on  the  sides  of  the  tube ;  this  sub- 
'mate,  when  rubbed  with  a  glass  rod,  produces  the 
haracteristic  globules  of  mercury. 

(v)  Caustic  potash  and  caustic  soda  both  give 
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with  solutions  of  mercuric  salts  a  yellow  precipitate 
of  mercuric  oxide. 

Te&ts  for  Mercuroiis  Salts. 

(i)  Hydrochloric  acid  gives  with  a  solution  of 
a  mercurous  salt,  a  white  precipitate  of  mercurous 
chloride  (calomel) ;  this  is  blackened  by  the  addition  of 
ammonia,  due  to  the  formation  of  the  black  mercurous 
ammonium  chloride  (NHoHgoCl),  the  mercurous 
analogue  of  ammoniated  mercury  (NHjHgCl). 

(ii)  Potassium  iodide  gives  a  dirty-green  pre- 
cipitate of  mercurous  iodide. 

(iii)  Caustic  potash  and  caustic  soda  both  give  a 
black  precipitate  of  mercurous  oxide. 
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j  CHAPTER  VIII. 

I  LEAB. 

(j-jcad — Occurrence  in  Nature — Preparation  and  Properties  of  the 
Metal  Lead — Action  of  Acids  on  Lead — Oxides  of  Lead — Pre- 
I       paration  of  the  Lead  Salts— Tests  for  Lead, 


\.'Symhol,  Pb;  formula,  Pbgj  dyad ;  atomic  weight,  207; 
molecular  weight,  414. 

Natural  compounds  of  lead. — The  principal 
iUead  compound  occurring  in  nature  is  galena,  sulphide 
i  I  of  lead  (PbS),  which  always  contains  small  quantities 
i  of  sulphide  of  silver  ;  lead  is  also  naturally  found  in 
t- small  quantities  as  the  sulphate  and  carbonate. 

Preparation  of  the  metal  lead. — The  prin- 
i  cipal  process  for  the  extraction  of  lead  from  galena  is 
!  known  as  the  air  reduction  process.    It  consists  in 
roasting  the  galena  in  a  furnace  in  a  current  of  air, 
so  as  to  convert  it  in  part  into  the  sulphate  and  oxide. 

PbS    +    2O3    =  PbSO^ 

Galena.  Oxygen.        Lead  siUpliate. 

2PbS    +  =    2PbO    +  2SO2 

Galena.  Oxygen.  Lead  Sulphur 

oxide.  dioxide. 

The  current  of  air  is  then  shnt  off,  and  the 
temperature  of  the  furnace  is  raised,  when  the  un- 
decomposed  galena  reduces  both  the  sulphate  and 
oxide  to  the  metallic  state,  with  evolution  of  sulphur 
dioxide. 
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PbSO^  +    PbS  =    Pb,  +  2SO2 

Lead  Galena.  Lead.  Sulijhur 

sulphate.  dioxide. 

4PbO  +    2PbS  =    SPbg  +  2SO2 

Lead  Galena.  Lead.  Sulphur 

oxide,  dioxide. 


Lead  thus  prepared  contains  silver,  which,  if 
present  in  sufficient  quantity  to  pay  for  its  ex- 
traction, is  obtained  by  converting  the  lead  into  lead 


Fig  24.— Section  of  the  Furnace  Employed  in  the  CupeUation  Process. 

oxide,  which  is  removed,  the  silver  remaining  un- 
changed. The  process  by  which  this  is  effected  is 
called  the  cupellation  process ;  it  consists  in  roasting 
the  lead  in  a  reverberatory  furnace  (Fig.  24),  the 
floor  or  hearth  of  which  is  lined  with  porous  c]ay  or 
bone-ash ;  the  lead  (a)  melts  and  oxidises  to  lead 
oxide  under  the  influence  of  blasts  of  air  admitted 
through  openings  (a  a) ;  most  of  this  lead  oxide  in  a 
molten  condition  flows  away  by  side  openings,  whilst 
the  remainder  is  absorbed  by  the  porous  clay  or  bone- 
ash,  pure  metal  silver  being  finally  left  on  the  hearth 
of  the  furnace  in  a  molten  state.  From  the  lead 
oxide  produced  in  this  process,  the  metal  lead  may  be 
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btained  by  reduction  with  charcoal  or  coal.  The 
emoval  of  a  quantity  of  the  lead  in  the  metallic 
tate  from  the  silver  may  be  effected  by  means  of 
atlinson's  process,  which  depends  upon  the  fact  that 
he  metal  lead  is  less  easily  fusible  than  an  alloy  of  silver 
md  lead.    Tlie  lead  containing  the  silver  is  run  in  a 
nelted  condition  into  a  large  iron  vessel,  in  which  it 
s  allowed  to  cool  gradually ;  the  part  solidifying  out 
irst  consists  of  crystals  of  pure  lead,  which  can  be 
aked  out  by  means  of  a  perforated  iron  ladle,  and 
A'hen  about  five-sixths  of  the  lead  has  been  so  removed, 
:he  remaining  rich  alloy  of  silver  and  lead  is  sub- 
nitted  to  the  cupellation  process. 

Properties  of  the  metal  lead. — Lead  is  a 
lustrous,  bluish-grey  metal,  soft  enough  to  be  cut  with 
I  knife,  and  to  leave  a  mark  on  paper  when  drawn 
icross  it;  it  is  malleable  and  ductile,  and  melts  at 
\2n°  C. ;  it  is  not  a  good  conductor  of  heat  and 
ilectricity  as  compared  with  many  other  metals.  If 
lead  is  exposed  to  perfectly  dry  air,  it  does  not  oxidise 
or  tarnish,  but  if  exposed  to  moist  air,  it  soon  becomes 
jjvered  with  a  film  of  the  double  carbonate  and 
liydrate  of  lead ;  similarly,  if  lead  is  immersed  in 
'listilled  water  which  has  been  boiled  to  deprive  it  of 
all  dissolved  air,  it  remains  unaffected  by  the  water, 
but  water  containing  air  in  solution  attacks  learl,  the 
oxygen  of  the  air  forming  lead  oxide,  which  is  then 
dissolved  by  the  water  as  lead  hydrate  in  small  but 
ippreciable  quantities.  This  is  one  way  in  which  a 
drinking  water,  passing  through  leaden  pipes,  may 
become  contaminated  with  lead.  The  corrosive  action 
)f  a  water  on  lead  is  much  increased  by  the  presence 
in  it  ol'  chlorides,  nitrates,  nitrites,  and  of  ammonia, 
wliereas  the  presence  of  sulphates  and  of  calcic 
carbonate,  held  in  solution  as  calcic  bicarbonate  by  a 
moderate  excess  of  carbon  dioxide,  hinders  corrosion  ; 
in  the  latter  film  of  lead  carbonate  is  formed 
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within  the  pipe,  which  is  but  very  sliglitly  soluVjle  in 
water.  The  presence,  however,  of  an  excess  of  carbon 
dioxide  in  a  water  would  increase  its  solvent  action 
on  the  lead,  lead  carbonate  dissolving  in  water  con- 
taining an  excess  of  this  gas,  in  the  form  of  the  soluble 
lead  bicarbonate.  The  presence  of  vegetable  matter 
in  a  water,  as  a  rule,  hinders  corrosion  of  lead  by  the 
water,  owing  to  the  formation  of  an  insoluble  com- 
pound of  lead  oxide  and  organic  matter.  Some  soft 
watei's,  notably  some  moorland  waters,  have  a  power- 
fully solvent  action  upon  lead,  due  in  some  cases, 
perhaps,  to  the  presence  of  acids  in  the  water,  either 
huraic  or  ulmic  acid  derived  from  the  soil,  or,  perhaps, 
in  other  cases  to  traces  of  sulphuric  acid  produced  by 
oxidation  of  iron  pyrites.  Power  has  suggested  that 
the  action  of  a  wtiter  upon  lead  is  dependent  upon 
organisms.  Tidy,  Odling,  and  Crookes  attribute  the 
lead-dissolving  power  to  the  absence  of  silica  from  the 
water,  and  have  shown  that  when  dissolved  silica  is 
present  in  a  water,  lead  becomes  coated  with  a  film  of 
insoluble  lead  silicate.  As  an  actual  fact,  all  drinking 
waters  that  have  been  allowed  to  flow  through  leaden 
pipes,  or  that  have  been  stored  in  cisterns  lined  with 
lead,  contain  some  lead  in  solution  ;  if,  however,  the 
amount  of  lead  carbonate  does  not  exceed  one-sixtieth 
of  a  grain  per  gallon,  then  its  presence  in  a  drinking 
water  may  be  neglected. 

The  metal  lead  is  largely  used  in  the  manufacture 
of  pipes,  as  a  covering  for  roofs,  etc.  Lead  is  contained 
in  several  alloys,  the  most  important  of  which  are, 
type-metal,  an  alloy  of  lead  and  antimony ;  pewter 
and  soft  solder,  alloys  of  lead  and  tin ;  shot,  an  alloy 
of  lead  with  a  small  quantity  of  arsenicum  (not  more 
than  0-8  part  in  100),  which  possesses  the  property  of 
hardening  the  lead. 

Action  of  acids  on  the  metal  lead. — Hydro- 
chloric acid  has  but  very  little  action  on  lead.  Con- 
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ceiitnited  sulphuric  acid  only  slightly  attacks  lead, 
with  formation  of  lead  sulphate.  Nitric  acid  readily 
acts  on  lead,  forming  lead  nitrate,  and  evolving 
nitrogen  dioxide. 

Pbg     +      8HNO3     =     3Pb(N03)2  + 
Lead.  Nitric  Lead 

acid.  nitrate. 

NgO,         +  4H2O 

Nitrogen  Water, 
dioxide. 

Lead  Salts. 

Lead  oxides. — There  are  three  oxides  of  lead, 
the  suboxide,  oxide,  and  dioxide,  and  a  compound  of 
the  two  latter  oxides,  known  as  red  lead. 

Pb.,0      .  .  Lead  suboxide. 

PbO       .  .  Lead  oxide. 

2PbO,  PbOa  .  Red  lead. 

PbOj      .  .  Lead  dioxide  or  peroxide. 

Lead  suboxide  (PbjO)  is  prepared  by  heating  lead 
oxalate  out  of  contact  with  the  air. 

2FhCp^    =    PbgO    +    3CO2   +  CO 

Lead  Lead  Carbon  Carbon 

oxalate.  suboxide.  dioxide.  monoxide. 

Lead  oxide  (PbO)  is  prepared  by  oxidation  of  the 
metal  lead,  by  roasting  it  in  air.  In  the  amorphous 
state  it  forms  a  dirty  yellow  powder  {inassicot) ;  if 
fused  and  solidified,  it  forms  brighter,  reddish-yellow 
scales  (litJmrge). 

This  oxide  is  largely  used  in  the  manufacture  of 
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flint  glass,  and  as  a  cheap  glaze  for  eartlienwai-e. 
Nitric  acid  dissolves  litharge,  forming  lead  nitrate 
and  water. 


PbO  + 

Lead 
oxide. 


2HNO3 
Nitric 
acid. 


Pb(N'03)2 
Lead 
nitrate. 


+  H„0 

Water. 


Hydrochloric  acid  and  litharge  form  lead  chloride 
and  water. 


PbO    +     2HC1    =    PbCI,    +  HgO 

Lead  Hydrochloric  Lead"  Water, 

oxide.  acid.  chloride. 


Red  lead  (2PbO,  PbO.,),  also  known  minium, 
is  prepared  by  heating  lead  oxide  (PbO)  in  air  to 
400"  C.  for  some  time,  when  it  absorbs  oxygen  and, 
becoming  of  a  bright  red  colour,  pi'oduces  red  lead. 
If  red  lead  be  strongly  heated,  it  liberates  the  oxygen 
absorbed  from  the  air,  and  returns  to  the  condition  of 
litharge ;  nitric  acid  decomposes  it,  dissohdng  the 
lead  oxide  (PbO)  portion,  and  leaving  unattacked  the 
lead  dioxide  (PbO„)  portion  ;  hydrochloric  acid 
warmed  with  red  lead  forms  lead  chloride  with  evolu- 
tion of  chlorine,  the  latter  being  produced  by  the 
action  of  the  hydrochloric  acid  on  the  lead  dioxide 
(see  below). 

Lead  dioxide  (PbOj)  is  also  known  as  lead  'peroxide, 
and,  on  account  of  its  brown  colour  with  a  purple- tinge, 
is  sometimes  called  the  puce-coloured  oxide  of  lead. 
It  is  obtained,  as  previously  stated,  by  the  action  of 
nitric  acid  on  red  lead,  in  which  it  already  exists 
combined  with  lead  oxide,  the  nitric  acid  merely 
dissolving  out  the  latter,  and  leaving  the  higher  oxide 
undissolved. 
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2PbO,Pb02    +    4HNO3    =.  2Pb(N0.5)2  + 

Ked  lead.    "                 Nitric  Lead 

acid.  nitrate. 


PbOg    +  2H2O 

Lead  Water. 
Jdioxide. 

Lead  dioxide  if  heated  loses  one-half  of  its  oxygen, 
1  and  is  converted  into  the  monoxide  \  hydrochloric  acid 
iacts  on  it  forming  lead  chloride,  with  evolution  of 
*  chlorine. 

PbOg    +    4HC1    =    PbClg    +    CI2    +  2H2O 

Lead"         Hydrochloric  Lead  Clilorine.  Water. 

I  dioxide.  acid.  chloride. 

JLcad  acetate  (Pb(C2H302)2). — This  salt,  on 
(account  of  its  sweet  taste,  is  commonly  known  as 
I  mgar  of  lead  ;  it  is  prepared  by  dissolving  litharge  in 
1  acetic  acid  with  heat. 

;PbO    +    2HC2H3O2    =     Pb(C2H302)2    +  HoO 

Lead  Acetic  Lead  Water, 

oxide.  acid.  acetate. 

L<ead  oxy acetate  (Pb20(C2H302)2). — This  basic 
lead  acetate  is  prepared  by  boiling  a  solution  of  lead 
:  acetate  with  lead  oxide. 

Pb(C2H302)2    +    PbO    =  Pb20(C2H302)2 

Lead  Lead  Lead 

acetate.  oxide.  oxyacetate. 

Liquor  plumbi  suhacetatis,  B.  P.,  is  a  strong  solu- 
■  tion  of  this  oxyacetate,  and  is  frequently  termed 
Goulard's  extract  ;  a  weaker  solution  of  it  is  the  Liquor 
^plumbi  subacetatis  dilutics,  B.  P.,  which  is  frequently 
u— 32 
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used  as  a  lotion,  and  is  commonly  known  as  Goulard 
water. 

Lead  nitrate  (Pb(N03)2)  is  prepared  either  by 
the  action  of  nitric  acid  on  litharge,  or  on  the  metal 
lead. 

PbO    +    2HNO3    =    Pb(N03)3    +  H,0 

Litharge.  Nitric  Lead    "  Water, 

acid.  nitrate. 

Pb.,      +      8HNO3     =     3Pb(N03)3  + 

Lead  Nitric  Lead 

acid.  nitrate. 

N2O2  +  4H2O 
Nitrogen  "Water, 
dioxide. 

White   lead    or    basic    lead  carbonate 

(2PbC03,  Pb(H0)2).— This  lead  compound,  which  is 
so  largely  used  as  a  white  paint,  is  not  the  normal 
lead  carbonate  (PbC03),  but  a  double  carbonate  and 
hydi  ate  of  lead.  There  are  two  methods  of  preparing  it. 

(i)  The  English  or  French  process  consists  in  pass- 
ing carbon  dioxide  gas  through  a  solution  of  lead 
oxyacetate,  when  that  portion  of  the  lead  not  in  union 
with  the  acetic  radical  is  precipitated  as  white  lead. 


3Pb20(C2H302)3     +     2CO2     +     HgO  = 

Lead      "  Carbon  Water, 

oxyacetate.  dioxide. 

2PbC03,  Pb(H0)3    +  3Pb(C2H302)2 

WMte  lead.  Lead  acetate. 

The  lead  acetate  remaining  in  solution  can  then  be 
boiled  with  litharge,  and  so  a  fresh  batch  of  the  oxy- 
acetate will  be  obtained  for  further  treatment  with 
carbon  dioxide. 

(ii)  I'he  Dutch  process  also  consists  in  decomposing 
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lead  oxyacetate  with  carbon  dioxide  in  presence  of 
moisture,  but  an  entirely  different  arrangement  is 
adopted.  The  metal  lead  is  cast  into  spirals  or 
gratings,  so  as  to  expose  as  large  a  surface  of  the 
metal  as  possible,  and  these  are  suspended  in  earthen- 
ware pots  containing  a  layer  of  vinegar  at  the  bottom  ; 
the  pots  are  embedded  in  spent  tan  spread  on  the 
floor  of  a  room,  which  is  then  closed  for  some  weeks. 
The  acetic  acid  of  the  vinegar  and  the  oxygen  of  the 
air  attack  the  lead,  forming  an  oxyacetate,  which  is 
immediately  decomposed  by  the  carbon  dioxide  and 
moisture  evolved  from  the  fermenting  spent  tan 
into  white  lead  ;  after  several  weeks  the  spirals  or 
gratings  are  found  covered  with  a  loose  layer  of  white 
lead,  which  is  removed,  and  the  spirals  or  gratings  are 
returned  to  the  pots,  and  the  action  allowed  to  go  on 
until  they  are  completely  corroded  away.  White 
lead  prepared  by  this  process  is  more  compact,  or  has 
more  body,  than  that  made  by  the  English  or  French 
process,  and  is  therefore  preferred  for  painting  pur- 
poses ;  when  used  as  a  paint  Avhite  lead  slowly  darkens, 
from  traces  of  sulphuretted  hydrogen  in  the  air  form- 
ing the  black  sulphide  of  lead. 

Lead  iodide  (Pbl,)  is  prepared  by  precipitat- 
ing a  solution  of  lead  acetate  or  lead  nitrate  with 
potassium  iodide. 


Pb(aH302)2 

Lead 
acetate. 


+    2KI  = 

Potassium 
iodide. 


Pblj 
Lead 
iodide. 


+  2KC2H3O3 
Potassium 
acetate. 


Iodide  of  lead  is  a  bright  yellow-coloured  precipi- 
tate, insoluble  in  cold  water,  but  soluble  in  hot  water ; 
in  cases  of  chronic  lead  poisoning  occurring  amongst 
workers  in  white  lead,  iodide  of  potassium  is  adminis- 
tered as  a  medicine,  with  the  view  of  removing  the  lead 
deposited  as  an  albuminate  of  lead  throughout  the 
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tissues ;  this  it  does  by  converting  the  albuminate  of 
lead  into  iodide  of  lead,  which  is  soluble  in  the  warm 
blood  and  so  is  eliminated  in  the  urine. 

l.cad  chromate  (PbCrOJ  is  prepared  by  pre- 
cipitating a  solution  of  lead  acetate  or  lead  nitrate 
with  potassium  chromate. 

Pb(N03)3    +    KoCrO^    =    PbCrO,    +  2KNO3 

Lead  Potassium  Lead  Potassium 

nitrate.  chromate.  chromate.  nitrat*. 

Lead  chromate  is  a  bright  yellow  precipitate,  and 
is  used  as  a  pigment  under  the  name  of  chrome-yellow  ; 
if  boiled  with  caustic  potash  or  soda  it  yields  chrome- 
red  (PbgOCrOJ,  an  orange-red  pigment. 

Tests  for  Lead. 

(i)  Sulphuretted  hydrogen  gives  a  black  precipi- 
tfite  of  lead  sulphide.  This  is  the  test  employed  for 
the  detection  of  lead  in  a  drinking  watei',  the  absence 
of  other  metals  yielding  precipitates  with  sulphuretted 
hydrogen  being  proved ;  if  lead  is  present  in  the 
water,  a  brownish  or  blackish  colour,  according  to  the 
amount  present,  will  be  produced  on  the  addition  of 
sulphuretted  hydrogen. 

(ii)  Ammonium  sulphide  also  precipitates  the 
black  lead  sulphide. 

(iii)  Potassium  iodide  gives  a  bright  yellow  pre- 
cipitate of  lead  iodide,  soluble  in  boiling  water,  and 
crystallising  out  in  golden-coloured  spangles  as  the 
solution  cools. 

(iv)  Potassium  chromate  gives  a  yellow  precipi- 
tate of  lead  chromate,  changing  to  an  orange-red 
colour  on  boiling  with  caustic  potash  or  caustic  soda. 

(v)  Hydrochloric  acid  gives,  with  moderately 
strong  solutions  of  lead  salts,  a  white  precipitate  of 
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lead  chloride  ;  this  precipitate  remains  unaltered  on 
the  addition  of  solution  of  ammonia,  thus  distinguish- 
ing it  from  mercurous  chloride,  which  is  also  thrown 
down  as  a  white  precipitate  by  hydrochloric  acid  from 
a  solution  of  a  mercurous  salt.  Hydrochloric  acid 
does  not  completely  precipitate  lead  from  its  solutions, 
as  lead  chloride  is  appreciably  soluble  in  cold  water, 
and  more  so  in  hot  water.  As  previously  mentioned 
{see  page  301),  a  water  containing  chlorides  is  very  apt 
to  dissolve  lead  from  leaden  pipes. 

(vi)  Sulphuric  acid  gives  with  solutions  of  lead 
salts  a  wiiite  precipitate  of  lead  sulphate.  This  also 
is  not  a  very  delicate  test  for  lead,  as  lead  sulphate  is 
slightly  soluble  in  water. 
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CHAPTER  IX. 

ARSENICUM — ANTIMONY. 

Arsenicum — Occurrence  in  Nature— Arsenious  and  Arsenic  Com- 
pounds— Tests  for  Arsenicum — Antimony-  Occurrence  in 
Nature—  Preparation  of  the  Antimony  Salts — Tests  for  Anti- 
mony. 

ARSENICUM. 

Symbol,   As ;  formula,    As^ ;  pentad   and   triad ; 
atomic  weight,  75  ;  molecular  weight,  300. 

Arsenicum  and  pliosphorus  are  the  only  elements 
containing  four  atoms  in  the  molecule  ;  their  molecular 
weights  are,  therefore,  four  times  their  atomic 
weights. 

i\atiiral     compounds    of  arseniciim.— 

(i)  Tlie  commonest  arsenical  ore  is  the  arsenio- 
sulphide  of  iron  (FeSAs).  (ii)  Two  compounds  of 
arsenicum  and  sulphur  occur  in  nature,  a  yellow 
sulphide  named  orpiment  (AsoSg),  and  a  red  sulphide 
named  realgar (AsSn)-  (iii)  Arsenious  acid  (HgAsOg) 
occurs  in  minute  amounts  in  several  mineral  springs, 
as  in  those  of  Ems,  Kissingen,  Pyrmont,  and  Schwal- 
bach.  The  quantity  of  arsenious  acid  present  in  these 
waters  is  too  small  to  confer  poisonous  properties  on 
them  when  drunk,  but  it  is  quite  possible  that  their 
therapeutic  properties  are  in  part  due  to  the  minute 
quantities  of  arsenic  present.  (iv)  The  metal 
arseniciim  occurs  native  to  a  small  extent  in  laminated 
lumps,  and  occasionally  in  the  crystalline  state. 

Preparation  of  the  metal  arsenicnm.— 
The    metal  arsenicum  is  obtained  as  a  sublimate 
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by  passing  the  vapour  of  arsenious  oxide  or  white 
arsenic  (As.i03)  over  heated  charcoal. 

2AS3O3    +    3a    =    As^    +  6C0 

Arsenious  Carbon.        Arseiiicum.  Carbon 

oxide.  monoxide. 

Properties  of  the  metal.— Arsenicum  pos- 
sesses a  steel-grey  colour  and  a  metallic  lustre  ;  it  is 
very  brittle,  and  is  therefore  easily  pulverised.  When 
heated  in  the  air,  arsenicum  volatilises  and  burns, 
forming  arsenious  oxide  or  white  arsenic  (AsgOg),  and 
emitting  at  the  same  time  an  unpleasant  garlic-like 
odour,  possibly  due  to  the  arsenicum  in  a  partial 
state  of  oxidation.  The  only  use  to  which  the  metal 
arsenicum  is  put  is  in  the  manufacture  of  shot,  which 
consists  of  lead  alloyed  with  a  small  amount  of 
arsenicum. 


Compounds  op  Arsenicum. 

Two  classes  of  arsenical  compounds  exist,  viz.  the 
arsenious  compoibnds,  in  which  the  arsenicum  is  only 
exerting  the  atomicity  of  a  triad,  and  the  arsenic 
compounds  in  which  the  arsenicum  is  exerting  its  full 
atomicity  as  a  pentad. 

There  are  two  oxides  of  arsenicum,  arsenious  oxide 
or  arsenicum  trioxide,  and  arsenic  oxide  or  arsenicum 
pentoxide. 

Arsenious  oxide  or   arsenicum  trioxide 

(AsjO.,). — This  oxide  constitutes  the  white  arsenic  of 
commerce;  it  is  also  known  as  arsenious  anhydride. 
It  is  obtained  during  the  smelting  or  roasting  of 
arsenical  iron  pyrites  and  other  ores  containing 
arsenicum  united  with  sulphur,  the  latter  element 
burning  away  as  sulphur  dioxide,  whilst  the  arsenicum 
volatilises  and  oxidises  to  arsenious  oxide,  which  is 
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then  condensed  to  a  solid  in  long  condensing  flues 
attached  to  the  smelting  furnace. 


2As,S3    +  = 

Arsemous  Oxygen, 
sulphide. 


2As,03    +  6SO2 

Arseuious  Sulphur 
oxide.  dioxide. 


There  are  two  varieties  of  arsenious  oxide — (a)  a 
crystalline  variety  which  can  be  obtained  in  small 
octahedra,  and  (/))  a  vitreous  variety  constituting 
the  deposit  in  the  condensing  flues  attached  to  the 
furnaces  in  which  arsenical  ores  are  being  roasted  ; 
this  vitreous  variety  is  obtained  at  fii'st  as  a  semi- 
transparent,  glass-like  solid,  becoming  after  a  time 
opaque  like  porcelain.  The  white,  arsenic  of  commerce 
is  obtained  by  grinding  this  vitreous  variety  to  a 
powder.  Arsenious  oxide  or  white  arsenic  is  a  white, 
odourless,  and  almost  tasteless  substance,  possessing 
just  a  very  faint  sweetish  taste  ;  it  is  very  poisonous, 
and  it  is  on  account  of  its  practically  tasteless 
character  that,  if  introduced  into  food  for  homicidal 
purposes,  it  will  be  swallowed  by  the  victim  without 
its  presence  being  detected  by  taste ;  in  cases  of 
poisoning  with  arsenic  the  administration  of  freshly- 
precipitated  ferric  hydrate  or  of  solution  of  dialysed 
iron  will  act  as  an  antidote,  although  not  a  very 
eflicacious  one,  by  forming  the  insoluble  arseniate  of 
iron.  Arsenious  oxide  or  white  arsenic  is  soluble  in 
cold  water  to  the  extent  of  half  a  grain  in  a  fluid 
ounce,  and  in  boiling  water  to  the  extent  of  6  grains 
in  a  fluid  ounce ;  when  dissolved  in  water  it  forms 
arsenious  acid  (H.^AsO^). 

Arsenic  oxide  or  arseniciim  pentoxide 
(AsjOg). — This,  the  higher  oxide  of  arsenicum,  is 
obtained  by  the  further  oxidation  of  arsenious  oxide 
with  nitric  acid ;  if  ordinary  white  arsenic  be  heated 
with  nitric  acid,  reddish-brown  fumes  of  nitrogen 
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tiioxide  are  evolved,  and  the  residue,  if  dried  and 
raised  to  a  low  red  heat  to  expel  water,  leaves  the 
arsenic  oxide. 

As,0.,  +  2HNO3  =  AS.3OJ-,  +  N2O3  +  H3O 

Arsenious  Nitric  Arsenic        Nitrogen  Water 

oxide.  acid.  oxide.  trioxide. 

Arsenic  oxide  or  arsenic  anhydride  is  a  white 
amorphous  substance,  dissolving  in  water  to  form 
arsenic  acid  (HgAsOJ  ;  although  more  soluble  in 
water  than  arsenious  oxide,  yet  it  is  less  poisonous 
tlian  that  substance.  At  temperatures  above  a  red 
heat  arsenic  anhydride  breaks  up  into  arsenious  anhy- 
ilride  and  oxygen. 

There  are  two  acids  of  arsenicum  corresponding  to 
the  two  oxides  or  anhydrides,  viz.  arsenious  acid  and 
arsenic  acid. 

Arsenious  acid  (HgAsOg). — This  is  prepared 
by  dissolving  white  arsenic  (arsenious  anhydride)  in 
water. 

AsP3    4-     3H3O    =  2H3ASO3 

Arsenious  Water.  Arsenious 

anhydride.  acid. 

It  is  a  weak  acid,  and  is  only  slightly  soluble  in 
water  ;  it  is  too  weak  an  acid  to  decompose  solutions 
of  the  alkaline  carbonates ;  arsenious  acid  is  con- 
tained in  two  solutions  used  in  medicine,  both  of 
them  containing  1  per  cent,  of  arsenic  in  solution  ; 
these  are  Fowler's  solution  {Liquor  arsenicalis,  B.  P.), 
and  the  Hydrochloric  solution  of  arsenic  {Liquor 
arsenici  hydrochloricus,  B.  P.).  Although  arsenious 
acid  is  so  sparingly  soluble  in  cold  water,  yet  it  is 
much  more  soluble  in  a  dilute  solution  of  an  alkaline 
carbonate,  or  in  a  weak  mineral  acid.  On  this 
account  Fowler's  solution  contains  some  potassium 
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carbonate,  wliicli  merely  increases  the  solubility  of  the 
arsenious  acid  without  forming  a  potassium  arsenite ; 
and  the  Hydrochloric  solution  of  arsenic  contains  some 
diluted  hydi'ochloric  acid,  which  also  increases  the 
solubility  of  arsenious  acid,  but  without  forming  a 
chloride  of  arsenicutn. 

Two  compounds  of  arsenious  acid  are  not  uncom- 
monly employed  as  pigments,  viz.  Scheele's  green 
(arsenite  of  copper)  and  emerald  green  (aceto-arsenite 
of  copper). 

Scheele^s  green  is  prepared  by  mixing  together 
solutions  of  copper  sulphate  and  sodium  arsenite,  when 
it  is  thrown  down  as  a  bright  green  precipitate. 


CuSO.^  +  N-a.HAsO.5  = 

Copper  Sodium 
8ull>liate.  arsenite. 


CuHAsOa  +  Na.,SO., 

Copper  So(fium 
arsenite.  sulphate. 


Wall-papers  printed  with  bright  green  colours  are 
frequently  surfaced  with  Scheele's  green  or  emerald 
green,  the  arsenic  contained  in  which  may  exercise  a 
very  injurious  influence  on  people  living  or  sleeping 
in  rooms  so  papered.  The  arsenical  pigment  may 
become  brushed  off  the  paper  as  dust,  and  so  become 
disseminated  through  the  atmosphere  of  the  room. 
But  it  is  not  only  by  this  mechanical  means  that  the 
arsenic  can  be  dispersed  into  the  atmosphere  of  the 
room ;  the  papers  are  fastened  to  the  walls  with 
starch-paste,  which  easily  ferments  and  sets  free 
nascent  hydrogen  ;  and  since  the  paper  is  originally 
saturated  with  the  paste,  this. nascent  hydrogen  comes 
directly  into  contact  with  the  arsenical  compounds, 
and  produces  gaseous  arseniuretted  hydrogen,  which 
escapes  into  and  poisons  the  air  of  the  room.  It  is 
true  that  the  quantity  of  the  gas  so  produced  is  very 
minute ;  but  as  arseniuretted.  hydrogen  is  more 
poisonous  than  any  other  compound  of  arsenicum, 
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ery  small  quantities  may  be  sufficient  to  produce 
-ery  injurious  effects. 

For  the  methods  of  detecting  arsenic  in  wall- 
lapers,  see  pages  318,  320,  321.. 

Arsenic  acid  (HgAsOJ. — This  is  obtained  by 
lissolving  ai-senic  anhydride  in  water. 


AS2O5      +      3H2O      =  2H3ASO4 

Arsenic  Water.  Arsenic 

anhydride.  acid. 


It  may  also  be  prepared  by  the  action  of  chloi-ine 
Dn  a  solution  of  arsenious  acid,  the  chlorine  uniting 
with  the  hydrogen  of  some  of  the  watei'  to  form  hydro- 
liloric  acid,  and  setting  free  oxygen,  which  in  the 
■lascent  state  oxidises  the  arsenious  acid  to  arsenic 
acid. 


H3ASO3  +  H2O  +  Clo  =  H3ASO4  4-  2HC1 

Arsenious         Water.     Chlorine.        Arsenic  Hydrochloric 
acid.  acid.  acid. 


A  similar  action  occurs  when  iodine  is  added  to  a 
olution  of  arsenious  acid. 

H3ASO.5   +   H.O   +  I2   =   HgAsO^  +  2HI 

Arsenious  Water.       lodme.  Arsenic  Hydriodic 

acid.  acid.  acid. 

Arsenic  acid  is  a  stronger  acid  as  regards  its  action 
on  litmus  paper,  and  its  power  of  forming  salts,  than 
arsenious  acid,  and  is  much  more  soluble  in  water, 
but  it  is  not  so  powerful  a  poison  as  arsenious  acid. 
Vrsenic  acid  is  employed  in  the  preparation  of  magenta 
Hid  some  other  aniline  dyes,  becoming  reduced  to 
H'senions  acid  dui  ing  .the  process.  If  tlie  dye  is  not 
properly  freed  from  the  arsenious  acid,  then  injurious 
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effects  may  follow  from  the  employment  of  articles 
coloured  with  such  dyes,  such  as  socks,  gloves,  Ci-e- 
tonne  and  other  hangings.  Red  aniline  dyes  are  also 
sometimes  used  for  giving  a  colour  to  liqueurs,  syrups, 
sweetmeats,  and  raspberry  vinegar ;  and  here,  again, 
injurious  effects  might  follow  from  the  taking  of  such 
coloured  articles  if  the  dye  contained  arsenic.  A 
potassium  arseniate  (KoHAsO^j^)  is  contained  in  some 
fly-papers,  flies  being  readily  killed  by  imbibing  a 
small  quantity  of  a  solution  of  this  salt. 

Two  salts  of  arsenic  acid  are  used  in  medicine, 
viz.  sodium  arseniate  (see  page  229)  and  ferrous 
arseiaiate  (see  page  269). 

Arscuicuin  chloride  (AsClg)  is  prepared  by 
burning  powdered  arsenicum  in  dry  chlorine,  or  by 
distilling  a  mixture  of  arsenious  anhydride,  sodium 
chloride,  and  concentrated  sulphuric  acid.  It  is  a 
colourless  volatile  liquid,  decomposed  by  water  into 
arsenious  and  hydrochloric  acids.  ^ 

AsClg    +    3HoO    =    H3ASO3    +  3HC1 

Arsenicum  Water.  Arseuious  Hydrochloric 

chloride.  acid.  acid. 

It  is  on  account  of  this  immediate  decomposition  of 
arsenicum  chloride  by  water  that  its  existence  in  the 
Hydrochloinc  solution  of  arsenic  (Liquor  arsenici  hydro- 
chloricus,  B.  P.)  is  rendered  impossible. 

Ai'seiiicuin  io«lide  (ASI3)  is  prepared  by  direct 
union  of  its  elements,  or  by  dissolving  arsenious  anhy- 
dride in  hydriodic  acid.  An  aqueous  solution,  con- 
taining 1  per  cent,  of  this  arsenicum  iodide  and  1  per 
cent,  of  mercuric  iodide,  with  an  excess  of  potassium 
iodide,  forms  Donovan's  solution  (Liquor  arsenici  et 
hydrargyri  iodidi,  B.  P.). 
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Tests  for  Arsenicum, 

(i)  Sulphuretted  hydrogen  gives,  with  an  acid 
ution  of  arsenious  acid,  a  yellow  precipitate  of 
enous  sulphide,  which  is  soluble  in  alkalies  and  in 
monium  sulphide. 

(ii)  If  a  small  quantity  of  white  arsenic  is  mixed 
'th  a  reducing  agent  containing  carbon,  such  as 
lack  Jlux  (a  mixture  of  potassium  carbonate  and 

arcoal,  obtained  by  heating  acid  tartrate  of  potassium 
a  covered  vessel),  and  the  mixture  introduced  into 
k  Berzelius's  reduction  tube,  and  then  heat  applied  to 

.  ig.  25.— Sublimate  of  Metallic  Arsenicum  in  a  Berzelius's  Reduction 

Tube. 

e  bulb  containing  the  mixture,  a  sublimate  of 
etallic  arsenicum  of  an  iron-grey  colour  will  be  ob- 
ained  on  the  cool  part  of  the  tube  just  above  the 
onstriction.  (Fig.  25,  A  being  the  sublimate  of  the 
etallic  arsenicum.) 

If  the  portion  of  the  tube  containing  the  sublimate 
be  cut  off  with  a  file,  and  then  broken  into  frag- 
ents,  and  the  fragments  introduced  into  a  dry  test- 
tube,  on  applying  heat  to  the  bottom  of  the  latter, 
hUst  holding  it  in  an  almost  horizontal  position,  with 
e  mouth  of  the  tube  partially  covered  by  tlie  thumb, 
e  arsenicum  will  volatilise  and  oxidise  to  the  arsenious 
oxide,  which  will  deposit  on  the  cool  part  of  the  tube 
"in  small  brilliant  crystals,  consisting  of  perfect  and 
iimperfect  octahedra.  If  the  portion  of  the  tube  con- 
Itaining  the  sublimate  be  viewed  under  a  microscope, 
msing  a  \  in.  or  i  in.  objective,  the  crystals  will  present 
tthe  characteristic  appearances  shown  in  Fig.  26. 
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(iii)  ReinscNs  test. — This  very  delicate  test  for 
arsenic  consists  in  boiling,  for  a  short  time,  a  strip  of 
bright  copper  foil  in  a  solution  of  arsenious  acid,  to 
which  a  few  drops  of  hydrochloric  acid  have  been 
added.  The  metal  ai-senicum  deposits  on  the  surface 
of  the  copper  as  a  dull  grey  film.  The  acid  liquid  is 
then  poured  off  from  the  slip  of  copper,  and  the  latter 


Fig.  26.— Crystals  of  Arsenic  Obtained  in  Eeinsch's  Test  (magnified). 

washed  two  or  three  times  with  water  and  dried, 
firstly  by  pressure  between  folds  of  blotting-paper,  and 
lastly  by  carefully  warming  it  some  distance  above 
the  Bunsen  flame.  The  strip  of  copper,  with  the 
deposit  of  arsenicum  on  it,  is  now  transferred  to  a  dry 
test-tube,  and  heat  is  applied  in  a  manner  similar  to 
that  described  in  the  previous  test,  when  the  arsenicum 
volatilises  and  oxidises  to  arsenious  oxide,  which  forms 
a  crystalline  deposit  on  the  cool  part  of  the  tube, 
presenting  under  the  microscope  the  characteristic 
appearances  shown  iia  Fig.  26. 

Reinsch's  test  may  be  employed  for  the  detection  of 
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arsenic  in  wall-paper.    Some  of  the  paper  is  cut  into 
ssmall  pieces,  which  are  then  digested  in  diluted  hydro- 
chloric acid  with  heat  for  a  few  minutes  ;  the  acid 
'quid  is  then  poured  off,  and  boiled  with  a  strip  of 
Ibright  copper,  and  the  test  proceeded  with  in  the 
1  manner  just  described. 

(iv)  Marsh's  test. — This  delicate  test  for  arsenic 


Fig.  27. — Apparatus  for  Marsh's  Test. 


depends  upon  the  conversion  of  the  arsenic  into 
arseniuretted  hydrogen,  and  obtaining  from  the  latter 
a  deposit  of  metallic  arsenicum.  Hydrogen  is  gen- 
erated in  a  suitable  apparatus  (Fig.  27)  from  zinc 
and  dUute  sulphuric  acid,  the  gas  is  dried  by  passing 
through  a  calcium  chloride  tube  (a  in  Fig.  27),  and  is 
then  ignited  as  it  escapes  from  the  end  of  the  tube 
bent  at  right  angles. 

If  some  solution  of  arsenious  acid  is  now  poured 
into  the  apparatus  by  means  of  the  long  funnel,  the 
nascent  hydrogen  produces  arseniuretted  hydrogen 
(AsHg),  the  production  of  which  is  quickly  indicated 
by  the  hydrogen  flame  becoming  a  pale  livid  colour. 
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H3ASO3    +    SHg    =    AsHg    +  SHoO 

Arsenious  Hydrogen.      Arseniuretted  Water, 

acid.  hydrogen. 

In  arseniuretted  hydrogen  the  two  constituents  are 
so  loosely  combined  that  a  low  red-heat  is  sufficient 
to  decompose  the  compound  into  metallic  arsenicum 
and  hydrogen  ;  the  gas,  therefore,  when  passed  through 
a  glass  tube,  the  central  portion  of  which  is  made  red- 
hot,  deposits  a  mirror  of  metallic  arsenicum  on  the 
cooler  parts  of  the  tube  just  beyond  the  heated 
portion.  The  same  decomposition  is  taking  place 
when  arseniuretted  hydrogen  is  inflamed  in  the  air; 
the  high  temperature  of  the  flame  decomposes  the  un- 
burnt  gas  in  the  interior  of  the  flame  into  arsenicum 
and  hydrogen,  and  it  is  this  finely-divided  metallic 
arsenicum  which  imparts  to  the  flame  its  pale  li^^d 
colour.  The  presence  of  this  metallic  arsenicum  in 
the  interior  of  the  flame  is  readily  proved,  and  con- 
stitutes the  final  stage  of  Marsh's  test ;  for  if  a  piece 
of  cold  white  porcelain,  such  as  an  evaporating  dish 
or  porcelain  crucible  lid  (b  in  Fig.  27),  is  pressed  doAvn 
upon  the  flame  for  a  moment  or  two,  the  cold  porcelain 
becomes  coated  with  a  blackish-grey  round  stain  of 
metallic  arsenicum  at  the  spot  where  the  flame 
touched  it.  This  spot  of  metallic  arsenicum  readily 
dissolves  in  solution  of  chlorinated  lime  or  chloi'inated 
soda,  and  so  can  be  distinguished  from  the  antimony 
spot,  which  is  obtained  under  similar  conditions  (see 
page  326).  To  detect  arsenic  in  wall-paper  by  means  of 
Marsh's  test,  it  is  simply  necessary  to  introduce  into 
Marsh's  apparatus  some  of  the  acid  liquid  obtained  by 
digesting  pieces  of  the  paper  in  diluted  hydrochloric 
acid  with  heat,  the  test  being  then  proceeded  with  in 
the  usual  way. 

In  employing  Marsh's  test,  care  must  be  taken 
that  no  unburnt  arseniuretted  hydrogen  escapes  into 
the  atmosphere  of  the  laboratory,  as  it  is  a  most 
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oowerful  poison,  being,  in  fact,  more  poisonous  than 
any  other  arsenical  compound. 

(v)  If  to  an  aqueous  solution  of  arsenious  acid 
acme  copper  sulphate  be  added,  and  then  a  drop  or 
»wo  of  solution  of  ammonia,  a  bright  green  precipitate 
SScheele's  green)  will  be  thrown  down. 

(vi)  If  to  an  aqueous  solution  of  arsenious  acid 
oome  silver  nitrate  be  added,  and  then  a  drop  or  two 
M  solution  of  ammonia,  a  bright  yellow  precipitate  of 
ijilver  arsenite  will  be  obtained.  This  reaction  may  be 
ppplied  to  the  detection  of  arsenic  in  wall-paper ; 
jibout  a  square  inch  of  the  paper,  with  the  coloured 
Murface  uppermost,  is  placed  in  a  small  porcelain  dish, 
distilled  water  is  poured  on  so  as  just  to  cover  the 
loaper,  and  a  few  drops  of  solution  of  ammonia  are 

idded  ;  after  standing  for  a  minute  or  two,  a  crystal 
ibf  silver  nitrate  is  dropped  into  the  dish  on  to  the 
luurface  of  the  piece  of  paper,  when,  if  arsenic  be 
wresent,  a  yellow  deposit  of  silver  arsenite  will  occur 
around  the  edge  and  over  the  surface  of  the  crystal. 
The  working  of  this  test  depends  upon  the  solubility 
ibf  Scheele's  green  (copper  arsenite)  in  a  weak  solution 
»bf  ammonia,  and  the  precipitation  from  this  solution 
>b£  the  yellow  silver  ai'senite,  in  presence  of  an  excess 
ibf  silver  nitrate. 


Distinction  of  Arsenious  and  Arsenic  Acids. 

If  to  an  aqueous  solution  of  arsenic  acid  some 
iiilver  nitrate  be  added,  and  then  a  drop  or  two  of 
'jolution  of  ammonia,  a  chocolate-coloured  precipitate 
•of  silver  arseniate  will  be  obtained  ;  this  test  serves  to 
distinguish  between  the  two  acids,  as  in  similar 
ijircumstances  arsenious  acid  will  give  a  bright  yellow 
iprecipitate.  In  like  manner,  neutral  solutions  of 
arseniates  will  at  once  give  a  chocolate  precipitate, 
V— 3^ 
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and  neutral  solutions  of  arsenites  a  yellow  precipitate 
with  silver  nitrate. 


ANTIMONY. 

Symbol,  Sb;  formula,  Sbg;  pentad  and  triad ;  atomic 
weight,  120;  molecular  weight,  240. 

Natural  compounds  of  antimony.  —  The 

sulphide  of  antimony  (SboSg)  is  the  principal  natural 
compound  of  this  metal ;  it  is  known  as  grey  antimony 
ore,  and  in  the  form  of  powder  as  black  antimony. 

Pi-eparation  and  properties  of  the  metal 
antimony. — This  is  obtained  by  heating  together 
tlie  native  sulphide  of  antimony  and  metallic  iron,  the 
iron  uniting  with  the  sulphur  to  form  feiTOus  sulphide, 
and  setting  free  the  antimony. 

2Sb2S3    +    3Fe3    =    2Sb2    +  6FeS 

Antimony  Iron.  Antimony.  Ferrous 

suliilude.  sulpliide. 

Crude  antimony  contains  arsenicum,  from  which 
it  can  be  purified  by  fusing  with  some  sodium  car- 
bonate and  potassium  nitrate,  and  well  stirring  the 
mixture,  when  the  arsenicum  becomes  converted  into 
sodium  arseniate. 

The  metal  antimony  is  contained  in  type-metal,  an 
alloy  of  lead  and  antimony,  and  in  britannia-metal,  an 
alloy  of  tin  and  antimony. 

Antimony  Salts. 

There  are  two  classes  of  antimony  compounds,  the 
antimonious  and  antimonic,  resembling  the  two  classes 
of  arsenical  compounds ;  in  the  antimonious  com- 
pounds the  antimony  is  only  exerting  part  of  its 
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latomicity  as  a  triad,  whereas  in  the  antimonic  com- 
ppounds  it  is  exerting  its  full  atomicity  as  a  pentad. 

Antimony  trichloride  or  antimonious 
rchioridc  (SbCl.,). — (i)  This  may  be  prepared  by 
(idirect  union  of  the  elejnents  ;  if  powdered  metallic 
lantimony  is  thrown  into  a  jar  of  chlorine,  it  will  catch 
fifire,  producing  antimony  trichloride. 

Sb,    +    SClg    =  2SbCl3 

Antimony.       Chlorine.  Antimony 

trichloride. 

(ii)  The  usual  method  of  preparing  this  chloride 
Lis  by  the  action  of  strong  hydrochloric  acid  with  heat 
aon  the  native  sulphide  of  antimony. 

SbgSg    +    6HC1    =    2SbCl3    +  SHgS 

Antimony       Hydrochloric.        Antimony  Sulphuretted 
sulphide.  acid.  trichloride.  hydrogen. 

Prepared  in  this  way  it  is  generally  of  a  reddish- 
tbrown  colour  from  the  presence  of  iron  salts  ;  it  is  a 
sstrongly  acid  liquid,  constituting  Liquor  antimonii 
echloridi,  B.  P.,  and  is  commonly  known  as  butter  of 
f  antimony,  but  it  is  actually  a  solution  of  antimony 
t trichloride  in  hydrochloric  acid,  since  the  chloride 
i  itself  is  of  a  buttery  consistence,  whence  its  common 
iname.  The  true  butter  of  antimony  is  obtained  by 
J  eevaporating  the  acid  solution  to  a  low  bulk,  and 
J  (distilling  the  residue,  when  the  antimony  trichloride 
I  condenses  in  the  neck  of  the  retort  as  a  white,  semi- 
t  transparent  mass. 

Antimony  pentachloridc    or  antimonic 
(Chloride  (SbCl-)  is  prepared  by  acting  on  the  tri- 
i{  I  chloride  with  chlorine. 

I  SbClg    +    CI2    =  SbOlg 

Antimony         Chlorine.  Antimony 
trichloride.  pentachloridc. 
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Antimony  trioxide  or  antimonious  oxide 

(SbgOg)  is  prepared  by  pouring  the  acid  solution  of 
antimony  trichloride  into  water,  by  which  means 
a  white  precipitate  of  oxychloride  of  antimony  is 
throAvn  down. 

12SbCl3  +  ISHgO  =  2SbCl3,  SSb^Oa  +  30HC1 

Antimony  Water.  Antimony  Hydrochloric 

trichloride.  oxychloride.  acid. 

This  precipitate  is  then  stirred  up  with  solution  of 
sodium  carbonate,  which  abstracts  the  chlorine  from 
the  oxychloride,  producing  the  pure  antimony  tri- 
oxide, which  is  of  a  light  buff  colour. 

2SbCl.„  5SboO.,    +    SNaoCOg    =    GSbgOg  + 

Antimony  Sodium  Antimony 

oxychloride.  carbonate.  trioxide. 

6NaCl    +  3CO2 

Sodium  Carbon 
chloride.  dioxide. 

Antimony  pcntoxidc  or  antlmonic  oxide 

(Sb.iOr,)  is  prepared  by  the  action  of  nitric  acid  on  the 
metal  antimony. 

Tartsirated  antimony  (KSbOC^H^g).— This 
compound,  commonly  known  as  tartar  emetic,  is  an 
oxytartj-ate  of  potassium  and  antimony.  It  is  pre- 
pared by  mixing  antimony  trioxide  and  potassium  acid 
tartrate  with  sufficient  water  to  form  a  paste,  leaving 
it  for  twenty-four  hours,  as  the  two  substances  are 
somewhat  sluggish  in  uniting,  and  then  boiling  the 
paste  with  water ;  on  filtering,  and  concentrating 
the  solution  by  evaporation,  the  tartar  emetic  is 
obtained  in  crystals. 

SboOg  +  2KHC4H4O6  =  2KSbOC4H406  +  HoO 

Antimony  Potassium  Tartar  Water, 

trioxide.  acid  tartrate.  emetic. 
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Sulphurated  antimony. — Prepared  by  boiling 
native  black  sulphide  of  antitaony  and  sulphur  with 
solution  of  caustic  soda,  filtering  and  precipitating  the 
sulphurated  antimony  with  diluted  sulphuric  acid, 
when  it  is  thrown  down  as  an  orange-red  precipitate, 
lit  is  a  mixture  of  the  sulphides  and  oxides  of  antimony, 
and  is  one  of  the  many  varieties  of  mineral  kermes,  so 
called  from  their  similarity  in  colour  to  the  insect 
I  kermes/  kermes  being  the  old  name  of  the  cochineal 
insect,  which  at  one  time  was  used  for  dyeing. 

Tests  for  Antimony. 

(i)  Hydrochloric  acid  gives,  with  a  neutral  solu- 
tion of  an  antimony  salt  (such  as  tartar  emetic),  a 
white  precipitate  of  oxychloride  of  antimony,  soluble 
in  excess  of  hydrochloric  acid. 

(ii)  Sulphuretted  hydrogen  gives,  with  an  acid 
solution  of  an  antimony  salt,  an  orange-red  precipitate 
of  antimony  sulphide  (SbjSg),  soluble  in  alkalies  and 
in  ammonium  sulphide. 

(iii)  If  a  solution  of  an  antimony  salt,  to  which 
sufficient  hydrochloric  acid  is  added  to  dissolve  any 
precipitate  at  first  thrown  down,  be  boiled  with  a 
strip  of  bright  copper  foil,  a  dark  grey  film  of  metallic 
antimony  will  be  deposited  on  the  copper ;  if  the  strip 
of  copper  be  now  treated  in  a  precisely  similar  manner 
to  that  described  in  connection  with  Keinsch's  test  for 
arsenic  (see  page  318),  a  white  sublimate  of  antimony 
oxide  will  be  obtained,  but  differing  from  the  arsenic 
sublimate  in  that  it  is  amorphous,  and  that  it  is 
deposited  on  the  sides  of  the  tube  much  nearer  to  the 
copper  than  the  arsenic  sublimate  is,  on  account  of  the 
antimony  being  less  volatile  than  arsenicum. 

(iv)  If  the  operations  described  under  Marsh's 
test  for  arsenic  (see  page  319)  be  repeated,  substituting 
the  addition  of  an  antimony  salt  for  an  arsenical 
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compound,  then  antimoniuretted  hydrogen  (SbH^)  will 
be  evolved,  also  communicating  a  livid  colour  to  the 
burning  hydrogen  flame  ;  this  antimoniuretted  hydro- 
gen is  decomposed  like  arseniuretted  hydrogen  at  a  low 
red  heat,  and  a  black  spot  of  metallic  antimony  can  be 
obtained  on  a  cool  porcelain  dish  or  crucible-lid  intro- 
duced for  a  moment  into  the  flame.  As  previously 
mentioned,  this  antimony  spot  can  be  distinguished 
from  the  arsenicum  spot  obtained  in  similar 
circumstances  by  being  insoluble  in  solution  of 
chlorinated  lime  or  chlorinated  soda,  whereas  the 
ai-senicum  spot  readily  dissolves  in  either  of  these 
solutions. 
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CHAPTER  X. 

TIN — BISMUTH — SILVER — PLATINUM — GOLD. 

— Preparation  and  Properties  of  tlie  Metal  Tin — Tin  Salts — 
Tests  for  Tin — Bismuth — Preparation  of  the  Bismuth  Salts — 
Tests  for  Bismuth — Silver — Extraction  and  Properties  of  the 
Metal  Silver — Silver  Salts — Tests  for  Silver — Platinum — 
Gold. 

TIN. 

'•Symbol,  Sn  ;  formula,  Sn^  ;  dyad  and  tetrad  ;  atomic 
weight,  118  ;  molecular  weight,  236. 

Nattu'al  compounds  of  tin.— The  principal 
ttin  ore  is  tinstone  or  stannic  oxide  (SnOo),  which  is 
ffound  in  Cornwall,  Saxony,  Bohemia,  Peru,  Mexico, 
fand  Australia. 

Preparation  and  properties  of  the  metal 
I  tin. — The  tin  ore  is  first  roasted  to  expel  arsenic  and 
J  sulphur,  and  the  stannic  oxide  is  then  reduced  to  the 
1  metallic  state  by  roasting  it  with  anthracite  coal  or 
;  powdered  charcoal.    Tin  is  a  soft  and  very  malleable 
metal ;  it  can  therefore  be  hammered  out  into  thin 
■  foil  (tin-foil).    It  does  not  lose  its  kisti'e  on  exposure 
'  to  the  air  at  ordinary  temperatures,  and  is  used  to  coat 
iron  to  prevent  the  latter  from  rusting,  tin-plate  consist- 
ing of  thin  sheets  of  iron  coated  with  tin.    A  bar  of  tin 
when  bent  emits  a  peculiar  noise,  the  so-called  cry  of 
tin,  produced  by  .the  friction  of  the  crystals  of  the 
metal   against   one   another.    Tin  enters  into  the 
composition  of  several  very  useful  alloys  ;  bronze  is  an 
alloy  of  copper  and  tin  ;  britannia-metal  is  composed 
of  tin  and  antimony  ;  solder  consists  of  tin  and  lead  ; 
pewter  is  also  an  alloy  of  tin  and  lead. 
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Action   of  acids  on  the  metal  tin.— Hot 

concentrated  hydrochloric  acid  forms  stannous  chloride 
(SnClg)  with  evolution  of  hydrogen. 

Sng    +    4HC1    =    2SnCl2    +  SHg 

Tin.         Hydrochloric  Stannous  Hydrogen, 

acid.  chloride. 

Hot  strong  sulphuric  acid  forms  stannous  sulphate 
SnSO^),  and  liberates  sulphur  dioxide. 

Sno  +  4H2SO4  =  2SnS04  +  2SO2  +  4H,0 

Tin.  Sulphuric  Stannous  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Strong  nitric  acid  acts  energetically  on  tin  with 
the  production  of  a  white  powder,  metastannic  acid, 
and  the  evolution  of  nitrogen  tetroxide. 

Sn^  +   2OHNO3  =  HioSujOi,.  +  lONgO^  +  SH^O 

Tin.  Nitric  Metustiiunic         Nitrogen  Water, 

acid.  acid.  tetroxide. 

Tin  Salts. 

Tiiere  are  two  classes  of  tin  salts,  stannous  and 
stannic  ;  in  the  former  the  tin  is  only  exerting  one- 
halt"  of  its  atomicity,  viz.  as  a  dyad  ;  in  the  latter  it 
is  exerting  its  full  atomicity  as  a  tetrad. 

Stannons  chloride  (SnCl,)  is  j^repared  by  the 
action  of  hot  concentrated  hydrochloric  acid  on  tin. 
This  salt  is  used  commercially,  under  the  name  of 
tin-salt,  in  dyeing  and  for  purposes  of  reduction. 

Stannic  chloride  (SnCl^)  is  prepared  by  passing 
chlorine  into  a  solution  of  stannous  chloride. 

Stannic  oxide  (SnOj)  is  prepared  by  heating 
metastannic  acid,  the  product  of  the  action  of  nitric 
acid  on  tin. 
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Metastarmio  Stannic  Water, 

acid.  oxide. 

Stannic  oxide  is  used,  under  the  name  of  putty 
powder,  as  a  polishing  powder  for  plate. 

Tests  for  Tin. 

(i)  Sulphuretted  hydrogen  gives  with  an  acidified 
.solution  of  a  stannous  salt  a  brown  precipitate  of 
stannous  sulphide,  and  with  an  acidified  solution  of 
a  stannic  salt  a  yellow  precipitate  of  stannic  sulphide. 

(ii)  Soluble  stannous  salts  act  as  reducing  agents, 
whereas  stannic  salts  have  no  reducing  action.  For 
instance,  if  solution  of  stannous  chloride  be  added  to  a 
solution  of  mercuric  chloride,  calomel  (mercurous 
chloride)  will  be  thrown  down,  owing  to  the  stannous 
chloride  abstracting  one-half  of  the  chlorine  from  the 
mercuric  chloride  to  form  stannic  chloride. 

2HgCl2    +    SnClg    =    HggCl^    +  SnCl^ 

Mercuric  Stannous  Mercurous  Stannic 

chloride.  chloride.  chloride.  chloride. 

If  more  stannous  chloride  be  now  added,  it  will 
abstract  all  the  chlorine  from  the  precipitated  calomel, 
foi-ming  the  metal  mercury  in  a  fine  state  of  division, 
and  more  stannic  chloride. 

HgoClj    +    SnClg    =    2Hg    +  SnCl^ 

Mercurous  Stannous  Mercury.  Stannic 

chloride.  chloride.  chloride. 

On  account  of  the  white  and  subsequently  grey 
appearances  of  the  precipitate  this  test  was  formerly 
known  as  the  magpie  test  for  merciury. 
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BISMUTH. 

Symbol,  Bi  -jformida,  Bi,  ;  triad  ;  atomic  weight,  210  ; 
molecular  weight,  420. 

Occurrence  in  nature. — Bismuth  occurs  in 
the  metallic  state  in  nature,  mixed  with  quartz  and 
other  earthy  substances ;  it  is  separated  by  melting  it 
away  from  the  earthy  impurities.  Bismuth  obtained 
in  this  way  is  generally  contaminated  with  variable 
quantities  of  the  metal  arsenicum,  from  which  it  may 
be  puritied  by  melting  it  with  potassium  nitrate,  and 
well  stirring  the  mixture,  when  the  arsenicum  is 
oxidised  to  potassium  arseniate. 

Bismuth  Salts. 

Bisinutli  nitrate  (Bi(N03)3)  is  prepared  by  the 
action  of  strong  nitric  acid  on  bismuth. 

Bio  ■    +     8HNO3     =     2Bi(N03)3  + 

Bismutb.  Nitric  Biamuth 

acid.  nitrate. 


N0O2  +  4H3O 
Nitrogen  Water, 
dioxide. 


Bismuth  oxynitrate  (BiONOg).— This  com- 
pound is  derived  from  bismuth  nitrate,  by  the  dis 
placement  of  two  univalent  nitric  radicals  by  the  dyad 
oxygen ;  it  is  prepared  by  pouring  bismuth  nitrate 
into  water,  when  it  is  thrown  down  as  a  white  pre- 
cipitate. 


Bi(N03)3    -1-    H2O  = 

BismutU  Water, 
nitrate. 


BiONOg    +  2HNO3 

Bismuth  Nitric 
oxynitrate.  acid. 
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This  compound  is  largely  used  in  medicine  under 
the  name  of  subnitrate  of  bismuth  (Bismuthi  suh- 
nitras,  B.  P.)  ;  it  is  also  employed  as  a  cosmetic  or 
face-powder  under  the  name  of  Pearl  white  (Blanc  de 
Perle). 

Bisiniitli  oxide  (BioOg)  is  prepared  by  boiling 
bismuth  oxynitrate  with  solution  of  caustic  soda ;  it 
is  a  yellow  powder. 

2BiON03     +     2NaH0     =     BijOg  + 

Bismuth  Sodiixm  Bismuth 

oxynitrate.  hydrate.  oxide. 

2NaN03     +  H3O 

Sodium  Water, 
nitrate. 

Bisiuuth  oxycarbonate  (BijOgCOg). — This 
compound  may  be  regarded  as  bismuth  oxide  (BigOg), 
from  which  one  atom  of  oxygen  is  displaced  by  an 
equivalent  quantity  of  the  dyad  carbonic  radical.  It 
is  prepared  by  pouring  bismuth  nitrate  into  a  solution 
of  ammonium  carbonate. 


2Bi(NOg)3  + 

Bismuth 
nitrate. 


3(NH,)2C03 

Ammonium 
carbonate. 


=    BiaOgCOg  + 

Bismuth 
oxycarbonate. 


6NH4NO3       +  2CO2 
Ammonium  '  Carbon 

nitrate.  dioxide. 

This  compound  is  also  extensively  used  in  medicine 
under  the  name  of  carbonate  of  bismuth  (Bismuthi 
carbonas,  B.  P.). 

Bismuth  citrate  (BiCgHjO^). — If  an  acid  solu- 
tion of  bismuth  nitrate  be  diluted  with  water  until  the 
oxynitrate  just  begins  to  be  precipitated,  and  thenasolu- 
tion  of  sodium  citrate  be  added,  a  precipitate  of  bismuth 
citrate  {Bismuthi  citras,  B.  P.)  will  be  thrown  down. 
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Bi(N03)3    +    NagC^H^O^    =    BiCgH-O^  + 

Bismuth  Sodium  Bismuth 

nitrate.  citrate.  citrate. 

SNaNOg 

Sodium 
nitrate. 

A  solution  of  citrate  of  bismuth  and  ammonium 
{Liqivor  bismuthi  et  ammonii  citratis,  B.  P.)  is  pre- 
pared by  dissolving  citrate  of  bismuth  in  a  weak 
solution  of  ammonia  ;  if  this  solution  is  evaporated  to 
the  consistence  of  a  syrup,  and  then  spread  on  plates 
and  dried  in  scales,  the  solid  double  salt  {Bismuthi  et 
ammonii  citras,  B.  P.)  is  obtained. 


Tests  for  Bismuth, 

(i)  If  any  acid  salt  of  bismuth  is  concentrated 
jind  then  poured  into  an  excess  of  water,  a  wliite 
oxysalt  is  precipitated. 

(ii)  Hydrochloric  acid  added  to  a  neutral  solution 
of  a  bismuth  salt  gives  a  white  precipitate  of  bismuth 
oxychloride,  soluble  in  excess  of  hydrochloric  acid. 
Tlie  only  other  metal  yielding  a  white  precipitate  with 
liydrochloric  acid,  soluble  in  excess  of  the  acid,  is 
antimony  ;  the  two  metals  can  be  readily  distinguished 
by  the  different  colours  of  their  sulj)hides,  as  precipi- 
tated by  sulphuretted  hydrogen,  the  sulphide  of 
bismuth  being  black  and  the  sulphide  of  antimony 
orange-red. 

(iii)  Sulphuretted  hydrogen  giv^es  with  bismuth 
salts  a  black  precipitate  of  bismuth  sulphide. 
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SILVER. 

Symbol,  Ag ;  formula,  Ago ;   monad ;  atomic 
weight,  108;  molecular  weight,  216. 

Occurrence  in  nature. — Silver  mainly  occurs 
free  in  nature  ;  horn  silver  is  chloride  of  silver  (AgCl)  ; 
sulphide  of  silver  (AgoS)  is  frequently  contained  in 
other  native  sulphides,  notably  in  those  of  lead,  copper, 
and  antimony. 

Extraction  of  the  metal  silver. — The  cupel- 
lation  jyrocess  for  extracting  silver  from  lead  has 
already  been  described  in  connection  with  the  latter 
metal  (see  page  300).  The  amalgamation  process  for  the 
extraction  of  silver  consists  in  loasting  the  silver  ores 
with  common  salt  (sodium  chloride),  by  which  means 
silver  chloride  is  formed ;  the  roasted  ores  are  then 
agitated  in  barrels  with  water  and  scrap  iron,  the  iron 
abstracting  the  chlorine  from  the  silver  chloride  to 
form  ferrous  chloride,  and  setting  free  the  metal  silver ; 
mercury  is  then  introduced  into  the  barrels  and  they 
are  again  thoroughly  agitated,  when  an  amalgam  of 
mercury  and  silver  is  formed ;  this  amalgam  is  removed 
and  heated  in  retorts,  when  the  mercury  distils  over, 
the  metal  silver  being  left  in  the  retort. 

Properties  of  tlie  metal  silver. — Silver  is  a 
white,  lustrous  metal ;  it  is  soft,  and  so  malleable  that 
it  can  be  beaten  into  extremely  thin  leaves  {silver  leaf). 
It  does  not  oxidise  at  any  temperature  in  the  air,  but 
in  the  molten  state  it  possesses  the  peculiar  power 
of  dissolving  about  20  times  its  volume  of  oxygen 
from  the  air ;  this  oxygen  is  given  otf  on  the  cooling 
and  solidifying  of  the  silver,  producing  the  phenomenon 
known  as  the  spitting  of  silver.  Sulphuretted 
hydrogen  blackens  silver,  and  hence  polished  sUver 
articles  slowly  tarnish  when  exposed  to  the  air.  Pure 
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silver  is  too  soft  for  use,  but  by  the  admixture  of  a 
small  amount  of  copper  with  it  a  hard  alloy  is 
obtained ;  hence  commercial  silver  and  silver  coins 
contain  from  5  to  10  per  cent,  of  copper. 

Action  of  acids  on  silver. — Hydrochloric  acid 
does  not  attack  silver.  Nitric  acid  forms  silver  nitrate, 
with  evolution  of  nitrosren  dioxide. 

3Ag2  +  8HNO3  =  GAgNOg  +  N2O2  4-  4H3O 

Silver.  Nitric  Silver  Nitrogen  Water, 

ncid.  nitrate.  dioxide. 

Strong  sulphuric  acid  acts  on  silver,  forming  silver 
sulphate  and  evolving  sulphur  dioxide. 

Ago    +    2H,S0,^  =  Ag.SO^  +    SO3   +  2H2O 

Silver.  Sulpliviric  Silver  Sulphur  Water, 

acid.  sulphate.  dioxide. 

Silver  Salts. 

Silver  nitrate  (AgNOg)  is  prepared  by  the 
action  of  nitric  acid  on  silver  (see  above).  If  silver 
nitrate  is  carefully  melted,  and  then  poured  into 
moulds,  it  solidifies  in  the  form  of  stick,s,  known  as 
lunar  caustic,  which  is  frequently  employed  for 
external  application  as  a  caustic.  The  blackening 
produced  on  the  skin  after  the  application  of  silver 
nitrate  is  due  to  the  reduction  of  the  salt  to  metallic 
silver.  A  weaker  caustic  known  as  mitigated  caustic 
is  a  mixture  of  silver  and  potassium  nitrates  {Argenti 
et  potassii  nitras,  B.  P.),  and  is  prepared  by  fusing 
together  one  part  of  silver  nitrate  with  two  parts  of 
potassium  nitrate. 

Silver  oxide  (AgoO)  is  prepared  by  precipitating 
a  solution  of  silver  nitrate  with  a  solution  of  one  of 
the  fixed  alkalies,  potash,  soda,  or  lime ;  lime-water  is 
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the  preferable  alkali  to  be  employed  on  account  of  its 
freedom  from  chlorides. 

2AgN03    +    Oa(HO)2    =    Ag^O  + 

Silver  Calcuun  Silver 

nitrate.  hydrate.  oxide. 

Ca(N03)3    +  HgO 

Calciivm  Water, 
nitrate. 

Silver  oxide  is  a  brown  powder,  which  is  reduced  to 
the  metallic  state  either  by  heat  or  by  contact  with 
organic  matter ;  on  account  of  this  last-mentioned 
property  it  should  not  be  used  in  medicine  combined 
with  an  essential  oil  or  other  organic  substance. 

Silver  chloride,  bromide,  and  iodide.— These 
compounds  are  obtained  as  precipitates  when  the 
corresponding  potassium  salts  are  added  to  a  solution 
of  silver  nitrate.  They  are  all  very  sensitive  to  the 
action  of  light,  becoming  reduced  to  a  sub-salt  after 
exposure,  and  this  sub-salt,  if  afterwards  treated  with 
a  reducing  agent,  becomes  converted  into  metallic 
silver.  It  is  on  account  of  their  sensitiveness  to  light 
that  these  silver  salts  are  used  in  the  production  of 
photographs.  The  dry  plates  now  used  in  photography 
consist  of  glass  plates  covered  with  a  film  of  silver 
iodide  or  bromide  suspended  in  gelatine  ;  these  plates 
are  then  exposed  in  the  camera  to  the  light  reflected 
from  the  object  to  be  photographed,  when  the 
silver  salt  whei-e  the  light  falls  on  it,  is  more  or 
less  reduced  to  a  sub-salt,  according  to  the  intensity  of 
the  light.  If  the  exposed  plate  is  now  placed  in  a 
solution  of  a  reducing  agent,  such  as  pyrogallic  acid, 
the  sub-salt  is  completely  reduced  to  metallic  silver ; 
this  is  the  process  known  as  developing.  To  preserve 
this  picture  and  to  prevent  the  undecomposed  silver 
salt  from  blackening  when  exposed  to  the  light,  it 
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must  now  be  jkced  ;  this  process  consists  in  dissolving 
out  the  unclecoraposed  bromide  or  iodide  of  silver  by 
immersing  the  plate  in  a  solution  of  sodium  thiosulphate 
(hyposulphite  of  soda). 

In  this  way  a  negative  is  obtained,  showing  the 
bright  parts  of  the  object  dark  and  the  dark  parts 
light ;  to  iwint  an  ordinary  photograph  on  to  paper, 
the  negative  is  placed  over  a  sheet  of  paper  prepared 
with  silver  chloride,  and  then  exposed  to  the  light. 

Tests  for  Silver. 

(i)  Hydrochloric  acid  gives,  with  solutions  of 
silver  salts,  a  white  curdy  precipitate  of  silver  chloride, 
insoluble  in  nitric  acid,  but  soluble  in  solution  of 
ammonia. 

(ii)  Potassium  chromate  gives,  with  a  neutral 
solution  of  a  silver  salt,  a  red  precipitate  of  silver 
chromate. 

(iii)  Lime-water  produces  a  brown  precipitate 
of  silver  oxide. 

(iv)  Sodium  phosphate  gives,  with  a  neutral 
solution  of  a  silver  salt,  a  yellow  precipitate  of  silver 
phosphate. 

PLATINUM. 

Symbol,  Pt;  formula,  Ptg ;  tetrad;  atomic  weight,  195  ; 
molecular  weight,  390. 

Platinum  occurs  in  nature  in  the  metallic  state 
mixed  with  quartz.  It  is  a  very  tough  metal,  and 
on  account  of  a  very  high  temperature  being  required 
to  melt  it,  it  is  very  suitable  for  the  manufacture  of 
crucibles,  dishes,  etc.,  used  for  analytical  work. 
Platinum  may  be  obtained  as  a  grey  spongy  mass, 
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\  \  culled  s-pomiy  platinum,  by  heating  the  double  chloride 
j  of  platiuum  and  amiuoniuni  (PtCl  ^  2NH  ^Cl)  ;  this 
)i -spongy  platinum  is  very  porous,  and  possesses  the 
power  of  occluding,  or  condensing  within  its  pores, 
I  oxygen  from  the  atmosphere.    This  occluded  oxygen 
lis  so  active  that,  if  a  stream  of  hydrogen  is  directed 
v.  on  to  spongy  platinum,  the  platinum  first  becomes 
rred-hot,  and  then  ignites  the  hydrogen.  Dobereiner's 
1  hydrogen  lamp  depends  upon  this  property  of  spongy 
Ijplatinum  igniting  a  jet  of  hydrogen. 

Platinum  is  not  attacked  by  sulphuric,  hydro- 
chloric, or  nitric  acids  separately ;  it  is  acted  on 
:lby   aqua   regia    (nitro-hydrocliloi'ic   acid),  platinic 
Itchloride  (PtCl^)  being  formed,  and  nitrogen  dioxide 
ieevolved. 


GOLD. 

y Symbol,  Au  ;  formula,  Aug ;  triad;  atomic  weight,  197; 
molecular  weight,  394. 

Gold  occiirs  in  nature  in  the  free  state.  It  is 
ffound  in  masses  called  nuggets,  and  also,  in  a  more 
ffinely-divided  state,  in  quartz  rocks  and  in  alluvial 
cquartz  sand  which  has  been  deposited  by  the  disinte- 
jration  of  the  older  rocks. 

Gold  is  one  of  the  few  metals  possessing  a  decided 
(tint,  and  is  distinguished  by  its  yellow  colour.  It  is 
soft  and  very  malleable,  and  can  be  beaten  out  into 
tthin  leaves  (gold-leaf).  It  can  be  hammered  so  thin 
has  to  transmit  light,  the  light  being  of  a  bluish-green 
[colour.  Gold  is  too  soft  a  metal  for  general  use,  and 
therefore  alloyed  with  copper,  in  order  to  produce 
ka  hard  alloy,  which  does  not  so  readily  wear  away 
when  used.  The  fineness  of  a  sample  of  gold  is  in 
I-England  expressed  in  carats,  pure  gold  being  said  to 
bbe  24  carats.  Thus  18-carat  gold  consists  of  18  parts 
w— 32 
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of  gold  alloyed  with  6  parts  of  cojiper  ;  1 5-carat  gold 
consists  of  15  parts  of  gold  alloyed  with  9  parts  of 
copper,  and  so  on.  English  sovereigns  and  half- 
sovereigns  are  made  of  22-carat  gold,  that  is,  of  22 
parts  of  gold  alloyed  with  2  parts  of  copper. 

Gold  is  not  attacked  by  sulphuric,  hydrochloric, 
or  nitric  acids  separately  ;  it  is  acted  on  by  aqua  regia 
(nitro-hydrochloric  acid),  auric  chloride  (AuClg)  being 
formed,  and  nitrogen  dioxide  evolved. 

Au.3  +  6HC1  +  2HNO3  =  2AUCI3  +  NoOo  +  4H2O 

Gold".    Hydrochloric      Nitric  Auric         Nitrogen  Wattr. 

acid.  acid.  chloride.  dioxide. 

Tables  for  the  analytical  detection  of  the  metals 
and  acids  will  be  found  at  the  end  of  this  book. 
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CHAPTER  I. 

OBGAXIC  COMPOUNDS. 

Organic  Compounds — Organic  Eadicals— Destructive  or  Dry  Dis- 
tillation— Decay — Fermentation — Putrefaction — Classification 
of  Organic  Compounds— Isomeric  Bodies. 

Organic  chemistry  includes  the  chemistry  of  the 
organic  compounds.  The  term  organic  is  derived 
from  opyavov,  an  organ.  Originally  organic  chemistry 
only  included  the  chemistry  of  those  compounds  formed 
in  plants  and  animals  as  the  result  of  the  vital  pro- 
ces.ses  occurring  in  their  cells  and  tissues ;  at  that 
time  it  was  believed  that  organic  compounds  could 
not  be  prepared  artificially,  but  were  only  the  result 
of  the  vital  processes  taking  •  place  in  plants  and 
animals.  This  distinction  is  now  well  known  to  be 
erroneous,  a  number  of  oi'ganic  substances  having 
been  artificially  prepared,  either  from  their  elements 
or  from  inorganic  compounds.  For  instance,  cyanoge}i 
CoN.i)  and  acetylene  (CjHj)  have  both  been  prepared 
by  direct  union  of  their  elements ;  urea  (CHj^NgO), 
an  organic  body  present  in  urine,  has  been  artificially 
prepared  from  ammonium  cyanate.  Briefly  stated, 
an  organic  compound  is  simply  a  carbon  compound, 
and  strictly  the  chemistry  of  the  carbon  compounds 
{i.e.  organic  chemisti'y)  should  be  included  in  the 
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chemistry  of  cai'bon  and  its  compounds;  but  on 
account  of  the  number  and  complexity  of  the  organic 
"compounds,  it  is  found  convenient  to  describe  them 
separately  ;  but  it  should  be  clearly  understood  that 
such  a  separation  is  a  purely  conventional  one, 
adopted  to  facilitate  the  description  and  study  of  this 
extensive  series  of  compounds. 

Defiiiif  ion  of  the  term '  org^anic  compound.' 
— If  by  an  organic  compound  is  simply  meant  a  carbon 
compound,  then  such  inorganic  substances  as  carbon 
dioxide  (COj)  and  the  metallic  carbonates  (ISIagCOg, 
CaCOg,  FeCOg,  etc.)  would  have  to  be  included 
amongst  organic  bodies.  Such,  however,  is  not  in- 
tended in  the  conventional  arrangement  adopted,  and 
we  must  therefore  adopt  some  better  and  more  ex- 
clusive definition  of  the  term  organic  compound  than 
that  of  its  being  simply  "a  carbon  compound."  A 
definition  which  applies  to  all  organic  compounds,  and 
only  to  them,  is  that  employed  by  Frankland.  It 
begins  by  stating  that  an  organic  compound  is  a  carbon 
compound ;  but  tliis  statement  is  then  qualified  by 
enumerating  the  elements  that  the  ^arbon  must  be 
directly  united  with  in  order  to  form  an  organic  body. 
Frankland  defines  an  organic  body  as  "  a  substance 
where  one  or  more  atoms  of  the  carbon  of  a  molecule 
are  directly  combined  with  carbon,  hydrogen,  or 
nitrogen." 

This  definition  does  not  exclude  the  presence  of 
other  elements,  such  as  oxygen,  chlorine,  bromine, 
iodine,  sulphur,  phosphoi'us,  etc.,  as  it  merely  requires 
that  an  organic  body  must  contain  in  its  molecule 
carbon,  which  carbon  is  in  direct  union  with 
carbon,  or  with  hydrogen,  or  with  nitrogen.  Accord- 
ing to  this  definition,  carbon  dioxide  (COo)  and  the 
metallic  carbonates  (CaCOg,  etc.)  are  not  organic  com- 
pounds, since  though  they  contain  carbon,  yet  this 
carbon   is    not   in   union   with    carbon,   or  with 
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>j  hydrogen,  or  with  nitrogen.  On  the  other  hand,  it 
\\  will  be  found  that  this  definition  applies  to  all  true 
r|  organic  bodies,  as  the  following  examples  will  de- 
monstrate. 

Charcoal  l(Co)  is  an  organic  body,  for  its  mole- 
cule consists  of  carbon  in  union  with  carbon, 

C— 0 

G-rapMc  formula  of  carbon. 

Methane  (CH^)  is  an  organic  body,  for  its  mole- 
'Jccule  contains  carbon  in  union  with  hydrogen. 

H 

H— 0— H 
H 

Grapbic  fornmla  of  methane 

Ethene  (CoH^)  is  an  organic  body,  for  its  mole- 
ccule  contains  carbon   in   union   with   carbon  and 
'  "Ihydrogen. 

H  H 


Graphic  formula  of  ethene. 


Cyanogen  (CjNn)  is  an  organic  body,  for  its 
rmolecule  contains  carbon  in  union  with  carbon  and 


rnitrogen. 


C  =  N  -  N  =  0 

Graphic  formula  of  cyanogen. 
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Ethyl  alcohol  is  an  organic  body,  for 

its  molecule  contains  carbon  in  union  with  carbon 
and  hydrogen. 

H  H 

H— C— C— 0— H 

I  I 
H  H 

Graphic  formula  of  ethyl  alcohol. 

Chloroform  (CHCI3)  is  an  organic  body,  for  its 
molecule  contains  carbon  in  union  with  hydrogen. 

H 
I 

CI— C— 01 

I 

01 

Graphic  formula  of  chloroform. 

It  is  very  important  not  to  confuse  an  organic 
body  or  compound  with  an  organised  body.  The 
definition  of  an  oi-gaiiic  body  or  compound  has  just 
been  given ;  an  organised  body  is  a  tissue  of  fibrous 
or  cellular  nature,  the  result  of  animal  or  vegetable 
growth,  and  which  cannot  be  made  artificially. 

Org'aiiic  radicals.— An  organic  radical  is  com- 
posed of  a  group  of  two  or  more  elements,  which  must 
contain  carbon  directly  united  with  carbon,  hydrogen, 
or  nitrogen,  and  the  elements  of  which  gi'oup  do  not 
completely  saturate  one  another  •  such  a  radical, 
therefore,  requires  to  be  saturated  by  some  other 
body,  or  bodies,  in  order  to  be  capable  of  existing. 
The  quantivalence  or  atomicity  of  the  radical  will  be 
determined  by  its  degree  of  unsaturation  ;  thus,  a 
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univalent  radical  would  require  one  atom  of  a  uni- 
."valent  element  to  combine  with  and  saturate  it,  a 
bivalent  radical  would  require  two  atoms  of  a  uni- 
lent  element  to   saturate  it,  a  trivalent  radical 
oukl  require  three  atoms  of  a  univalent  element,  and 
so  on. 

Examples. — Methyl  (CHg)'  is  a  univalent  organic 
radical,  since  in  the  group  one  atom-fixing  power  of 
the  carbon  is  left  unsaturated. 


H 

I 

H— C— 

I 

H 

Grapliio  representation  of  the  methyl  radical. 


Ethene  (CjH^)"  is  a  bivalent  organic  i-adical,  since 
nn  the  group  two  atom-fixing  powers  of  the  carbon 
s  atoms  are  left  unsaturated. 


H  H 

I  I 
_C  C— 

I  I 
H  H 

Graphic  representation  of  the  ethene  radical. 

Glyceryl  (C^H.-)"'  is  a  trivalent  organic  radical, 
5  since  in  the  group  three  atom-fixing  powers  of  the 
carbon  atoms  are  left  unsaturated. 

H      H  H 

III 
H— C  C  C— H 

I        I  I 

Graphic  representation  of  the  glyceryl  radical. 
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Elements  composing  org;anic  compounds. 

— Although  the  number  of  organic  compounds  far 
exceeds  that  of  the  inorganic  bodies,  yet  the  actual 
number  of  elements  entering  into  the  composition  of 
the  great  majority  of  organic  substances  is  small.  The 
four  elements,  carbon,  hydrogen,  nitrogen,  and  oxygen, 
combine  to  form  a  very  large  proportion  of  organic 
bodies ;  chlorine,  bromine,  iodine,  sulphur,  and  phos- 
phorus enter  into  the  composition  of  a  few,  whilst 
metallic  elements  are  contained  in  a  very  small 
number  of  organic  bodies.  The  fact,  however,  should 
be  borne  in  mind  that  any  element  can  be  made  to 
enter  into  the  composition  of  an  artificially  prepared 
organic  compound. 

Action  of  heat  on  org'anic  bodies. — With 
the  exception  of  those  organic  substances  that  vola- 
tilise unchanged  when  heated,  most  organic  bodies 
are  distinguished  by  the  facility  with  which  they  are 
decomposed  on  the  application  of  heat.  If  heated  to 
a  sufficiently  high  temperature  with  free  contact  of 
air,  they  burn  away,  the  carbon  forming  carbon 
dioxide,  the  hydrogen  forming  water,  and  the  nitrogen 
escaping  in  the  free  state.  If  heated  out  of  contact 
with  the  air,  most  organic  bodies  undergo  a  complex 
decomposition,  known  as  destructive  or  dry  distillation, 
a  number  of  fresh  bodies  being  produced  by  a  re- 
arrangement of  the  atoms  of  the  organic  molecule 
under  the  influence  of  dry  heat,  without  contact  of 
air.  For  examples  of  destructive  or  dry  distillation 
see  pages  399,  420. 

I>ecay. — Many  moist  organic  substances  when 
exposed  to  the  air  undergo  a  slow  process  of  oxidation, 
and  so  are  gradually  destroyed  without  sensible  eleva- 
tion of  temperature ;  this  slow  combustion  or  oxidation 
is  called  decay. 

Fermentation. — This  name  is  applied  to  a  class 
of  decompositions  that  many  organic  bodies  undergo 
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ill  presence  of  a  fei'ment.  There  are  two  classes  of 
ferments,  the  organised  and  the  non-organised.  The 
organised  ferments  are  microscojjic  fungoid  organisms, 
the  principal  of  which  are  yeast  or  torula  cerevisioi, 
which  produces  alcoholic  or  vinous  fermentation, 
mycoderma  aceti,  which  produces  acetous  fermenta- 
tion, and  jjenicillium  glaucicm,  which  produces  lactic 
and  probably  butyric  fermentation. 

The  various  micro-organisms  (bacilli,  etc.)  that 
have  been  discovered  in  connection  with  several  of 
the  zymotic  diseases,  and  which  are  apparently  the 
primary  causative  factors  of  the  diseases,  possibly  act 
as  ferments  within  the  human  body,  producing  organic 
poisons,  the  presence  of  which  in  the  system  may  be 
the  direct  cause  of  the  symptoms  of  the  various 
diseases.  The  non-organised  or  soluble  ferments  act 
only  in  solution,  and  when  isolated  are  obtained  as 
amorphous  powders,  the  principal  of  which  are  pepsin, 
the  ferment  contained  in  gastric  juice,  ptyalin,  the 
ferment  contained  in  saliva,  and  tryjysin,  the  ferment 
contained  in  pancreatic  juice. 

In  the  case  of  the  organised  ferments,  the  fer- 
mentative process  is  probably  due  to  the  ferment 
growing  and  multiplying  at  the  expense  of  part  of  the 
substance  that  is  being  acted  on,  the  remaining  part 
breaking  up  into  simpler  bodies,  which  are  the  pro- 
ducts of  fermentation ;  in  other  words,  the  ferment  is 
regarded  as  feeding,  for  its  growth  and  multiplica- 
tion, on  a  small  portion  of  the  substance  undergoing 
fermentation,  and  thus  destroying  the  chemical 
balance  of  the  remaining  portion,  so  as  to  cause  its 
resolution  into  simpler  bodies. 

Putrefaction. — This  process  is  practically  one  of 
fermentation  produced  in  nitrogenised  organic  bodies 
by  bacteria  and  otter  ferments,  and  accompanied  by 
the  evolution  of  unpleasant-smelling  gases,  which  are 
mainly  compounds  of  sulphur  and  phosphorus,  and  in 
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part,  possibly,  complex  hydrocarbon  gases  and  volatile 
nitrogenous  bases.  The  conditions  necessary  for 
putrefaction  are  («)  the  presence  of  a  certain  amount 
of  air  to  start  the  process,  (6)  moisture,  and  (c) 
warmth.  If  air  is  excluded,  as  in  the  proper  tinning  of 
tinned  provisions,  and  if  bacteria  and  other  ferments 
are  previously  destroyed  by  heat,  tlien  putrefaction 
does  not  occui\  Disinfectants  prevent  putrefaction 
by  their  germicidal  action  ;  that  is,  by  destroying  the 
ferments  that  set  up  the  putrefactive  changes. 


CLASSIFICATION  OF  ORGANIC  COM- 
POUNDS. 

The  following  are  the  chief  groups  of  organic 
compounds,  with  illustrations  of  each  : — 

Hydrociii'bons.  —  Compounds  of  carbon  and 
hydrogen  only.  A  very  large  number  of  hydro- 
carbons exist ;  they  are  divided  into  two  groups,-  (a) 
paraffins,  in  which  the  carbon  is  completely  saturated 
with  hydrogen,  (b)  olejines,  in  which  the  carbon  is 
only  partly  saturated  with  hydrogen. 

Paraffins,  on  account  of  lieing  completely  saturated 
bodies,  have  but  little  afl&nity  for  other  elements, 
hence  the  derivation  of  their  name  (irom parum  affinis, 
little  affinity)  ;  olefines  derive  their  name  from  olefiant 
gas  or  ethene  (CnH,.),  the  first  known  member  of  the 
group  of  unsaturated  hydrocarbons. 

All  paraffins  are  referable  to  the  general  formula 
CnHoij  +  o,  that  is,  by  doubling  the  number  of  the 
carbon  atoms,  and  adding  two,  the  number  of  the 
hydrogen  atoms  will  always  be  obtained.  The  simplest 
paraffin  is  methane  or  marsh  gas  (CH4). 
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H 
I 

H— C— H 
I 

H 

Graphic  formula  of  methane. 

The  two  carbon  atom  paraffin  is  ethane  (CjHg). 

H  H 

I  I 
H-C— 0— H 

I  I 
H  H 

Graphic  formula  of  ethane. 

The  three  carbon  atom  paraffin  is  propane  (CgHg). 

H   H  H 

I      I  I 
H— C— C— C— H 

I     I  I 
H   H  H 

Graphic  formula  of  propane. 

The  simplest  olejine  is  ethene  or  olefiant  gas  (OjH^^). 
The  graphic  formula  shows  that  two  of  the  atom- 
fixing  powers  of  the  carbon  atoms  are  not  united  with 
hydrogen,  but  these,  when  the  olefine  is  in  the  free 
state,  unite  with  one  another,  and  so  neutralise  their 
grasping  or  fixing  powers. 


Graihic  formula  of  etheae. 
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It  will  be  seen  that  in  the  cases  of  the  three 
paraffins  just  mentioned  CH^,  GjHg,  C^Hg,  and  there- 
fore of  all  paraffins,  that  they  constitute  a  series,  any 
member  of  which  differs  from  the  succeeding  one  by 
CHo ;  such  a  series,  the  members  of  which  differ  in 
composition  by  a  constant  quantity,  is  called  a  homo- 
logous series. 

Carbohydrates. — Compounds  of  carbon  and 
the  elements  of  water,  the  hydrogen  and  oxygen 
being  present  in  the  same  proportion  as  in  water  :  e.g. 
starch  (CgH^yOj),  grape  sugar  (OgH;^20g),  cane  sugar 
(CjoHojOji). 

Alcohols. — The  hydrates  of  hydrocarbon  radicals; 
the  monatomic  alcohols  are  the  hydrates  of  univalent 
hydrocarbon  radicals  :  e  g.  methyl  alcohol  (CH3HO) 
and  ethyl  alcohol  (CgH-HO) ;  the  diatomic  alcohols 
are  the  hydrates  of  bivalent  hydrocarbon  radicals  :  e.g. 
ethene  glycol  (CoH  ^(HO)o) ;  the  triatomic  alcohols  are 
the  hydrates  of  trivalent  hydrocarbon  radicals :  e.g. 
glycerine  (C.^H5(HO)3) ;  and  so  on. 

Aldehydes. — Compounds  derived  from  alcohols 
by  the  abstraction  of  two  atoms  of  hydrogen  from  the 
molecule  of  an  alcohol,  e.g. — 

Ethyl  alcohol  C.,H«0 
Ethyl  aldehyde  C^llS^ 

Ethers. — The  oxides  of  hydi-ocarbon  radicals. 
As  alcohols  are  the  hydrates  of  hydrocarbon  radicals, 
so  to  every  alcohol  there  is  a  corresponding  ether,  the 
ether  being  the  oxide  of  the  radical,  of  which  the 
alcohol  is  the  hydrate  :  e.g. — 

Methyl  alcohol  CH3.HO.  Ethyl  alcohol  C0H5.HO. 

Methyl  ether     {CH3).,.0.         Ethyl  ether  (aH5)o.O. 

If  the  ether  is  an  oxide  of  only  one  hydrocarbon 
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radical,  then  it  is  called  a  simple  ether  ;  if  two  diflferent 
hydrocarbon  radicals  are  united  with  the  oxygen,  then 
it  is  called  a  compound  ether  :  e.g. — 

Methyl-ethyl  ether  O 

Ethereal  salts. — Compounds  of  the  hydrocarbon 
or  alcohol  radicals  with  acid  radicals.  An  ethereal 
salt  may  be  regarded  as  derived  from  an  alcohol,  the 
hydroxyl  of  which  has  been  displaced  by  an  acid 
radical  :  e.g. — 

Ethyl  nitrite  or  nitrous  ether  CaHj.NO.j. 
Ethyl  acetate  or  acetic  ether  C2Hg.C2H302. 

If  the  acid  radical  united  with  the  alcohol  radical 
is  one  of  the  halogen  elements  (chlorine,  bromine, 
iodine,  fluorine),  then  the  ethereal  salt  bears  the  special 
name  of  a  haloid  ether  :  e.g. — 

Methyl  chloride  CH3.CI. 
Ethyl  iodide  CaHgl. 

Organic  acids. — Compounds  containing  the 
iradical  oxatyl  or  carbonyl  (COHO)  united  with  some 
tother  radical.  The  radical  united  with  the  oxatyl  may 
Ibe  simply  hydrogen,  as  in  the  case  of  formic  acid,  or  it 
imay  be  an  alcohol  radical,  as  in  the  case  of  acetic  acid, 
or  it  ma,y  be  oxatyl  itself,  as  in  the  case  of  oxalic  acid. 

H  f  CH3  /  COHO 

COHO         \  COHO  \  COHO 

Formic  Acetic  Oxalic 

acid.  acid.  acid. 

Those  organic  acids  which  can  be  obtained  by 
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oxidation  of  alcohols  are  produced  by  the  abstraction 
of  two  atoms  of  hydrogen  from  the  molecule  of  the 
alcohol,  and  the  substitution  of  one  atom  of  oxygen 
for  the  hydrogen  withdrawn  ;  or,  in  other  words,  they 
may  be  regarded  as  aldehydes  to  the  molecule  of 
which  one  atom  of  oxygen  has  been  added  :  e.g. — 


Methyl  alcohol  CH4O. 
Methyl  aldehyde  CH2O. 
Formic  acid  CH2O0. 


Ethyl  alcohol  CHgO. 
Ethyl  aldehyde  C.^H^O. 
Acetic  acid  CoH^Oo. 


Ketones.— Compounds  of  the  bivalent  radical 
carbonyl  (CO)  with  two  hydrocarbon  or  alcohol 
radicals ;  e.g. — 

CH3— CO— CH3 

Dimethyl  ketone  or  acetone. 

Alkaloids.— Organic  bases  derived  from  plants, 
All  alkaloids  contain  nitrogen,  and  they  are,  in  fact, 
complex  derivatives  of  ammonia,  the  hydrogen  of 
which  has  been  partially  or  entirely  displaced  by 
various  radicals.  Since  alkaloids  are  organic  bases, 
they  possess  the  property  of  uniting  with  and  neutral- 
ising acids,  to  form  salts.  The  best-known  alkaloids 
are  quinine,  morphine,  strychnine,  atropine,  etc. 

A  group  of  alkaloids  of  animal  origin,  known  as 
animal  alkaloidis,  have  within  the  last  few  years  been 
discovered  ;  some  of  them  are  amongst  the  products 
of  the  putrefaction  of  animal  substances,  and  are  called 
2)tomaines. 

Compound  ammonias.— Compounds  derived 
from  ammonia  by  the  displacement  of  ])art  or  all  of 
the  hydrogen  by  an  organic  radical  or  radicals.  If  the 
radical  is  an  alcohol  or  hydrocarbon  one,  then  the 
resulting  compound  ammonia  is  called  an  amine ;  if  the 
radical  is  an  acid  one,  then  the  resulting  compound 
ammonia  is  called  an  amide ;  e.g. — 
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ICH3 

N  ■{  H 
(H 

Methjlamine. 


Isomeric  Bodies. 
(CH3 

Dimethylomine. 


(H 

Diacetamide. 


(OH3 

ICH3 

Trimethylamine. 


N 


aH30 
C0H3O 
( C2H3O 

Triacetamide. 


Those  compound  ammonias  derived  by  the  dis- 
placement of  all  the  hydrogen  of  the  ammonia  are 
sometimes  called  nitrils. 

Oliicosides. — Certain  organic  substances  (either 
nitrogenous  or  non- nitrogenous)  derived  from  plants, 
and  splitting  up  when  boiled  with  dilute  sulphuric 
acid,  or  under  the  influence  of  a  ferment,  into  glucose 
and  some  other  substance  or  substances. 


ISOMERIC  BODIES. 

The  term  isomeric  (from  "laoQ,  equal ;  fxipoQ, 
jjart)  is  applied  to  those  bodies  that  have  the  same 
percentage  composition,  but  which  differ  in  their 
properties.  In  other  words,  isomei'ic  bodies  are  com- 
posed of  the  same  elements,  and  in  the  same  propor- 
tions, but  yet  they  are  entirely  different  bodies,  as 
indicated  by  their  entirely  different  properties.  These 
different  properties  are  due  to  a  different  arrangement 
of  the  atoms  in  the  molecules  of  isomeric  bodies  ;  so 
that  although  isomeric  bodies  have  the  same  composi- 
tion, they  have  a  different  constitution.  For  instance, 
oil  of  turpentine  and  oil  of  lemons  are  isomeric  bodies  ; 
they  both  possess  the  formula  C^oH^g,  yet  they  difler 
markedly  in  their  properties,  and  this  difference  is  due 
to  different  arrangements  of  the  atoms  in  their  respec- 
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tive  molecules  ;  although  the  atoms,  or  chemical  bricks, 
out  of  which  two  substances  are  constructed  are  the 
same,  yet  the  architecture  of  their  molecules  is  entirely 
different. 

Isomeric  bodies  are  generally  divided  into  two 
groups — (1)  those  the  members  of  Avhich  have  the  same 
molecular  weight,  and  which  are  called  simply  isomeric 
bodies s  (2)  those  the  members  of  which,  whilst  having 
the  same  percentage  composition,  yet  differ  in  mole- 
cular weight,  and  which  are  called  j^olymeric  bodies 
(from  noXve,  many,  and  fiipog,  part). 

As  examples  of  isomeric  bodies  may  be  mentioned 
urea  (CH.jNoO)  and  ammonium  cyanate  (NH^CNO), 
which  both  have  the  same  composition ;  starch 
(CgHj^Pj),  dextrine  (CgHjoOg),  and  cellulose  (CgH^oOj) ; 
and  oil  of  turpentine  (CjoHj^.)  and  oil  of  lemons 
(CjqHj,;).  As  examples  of  polymeric  bodies  may  be 
mentioned  acetylene  (C0H3)  and  benzene  (CgHg),  which 
both  have  the  same  percentage  composition,  whilst 
the  molecular  weight  of  the  latter  is  three  times  that 
of  the  former ;  and  lactic  acid  (CgHgOg)  and  glucose 
(CgHjoOg),  which  both  have  the  same  percentage 
composition,  whilst  the  molecular  weight  of  the  latter 
is  twice  that  of  the  former. 
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CHAPTER  II. 

ULTIMATE  ANALYSIS  OP  ORGANIC  COMPOUNDS. 

1  Determination  of  Carbon,  Hydrogen,  Oxygen,  Nitrogen,  Chlorine, 
Sulphur,  and  Phosphorus  in  Organic  Bodies — Calculation  of 
Formulae  from  Percentage  Composition — Empirical,  Molecular, 
and  Constitutional  Formulae. 

^SlNCE  SO  large  a  number  of  organic  compounds  only 
ccontain  carbon,  hydrogen,  and  oxygen,  their  ultimate 
sanalysis  consists  in  determining  the  amount  of  carbon 
iin  the  form  of  carbon  dioxide,  the  amount  of  hydrogen 
iin  the  form  of  water,  the  amount  of  oxygen  being 
aalways  determined  by  difference.  The  determinations 
oof  the  amounts  of  other  elements,  such  as  nitrogen, 
cchlorine,  bromine,  iodine,  sulphur,  and  phosphorus, 
lare  always  done  separately. 

Determination  of  the  cai'bon  and  liydro- 
Igen  in  an  org'anic  compound  containing^ 
rcai'bon,  hydrogen,  and  oxygen.— A  weighed 
jijuantity  of  the  dried  organic  compound  (sugar,  for 
instance)  is  taken,  and  its  carbon  is  converted  into 
:3arbon  dioxide,  and  its  hydrogen  into  water,  by 
5burning  it  in  a  stream  of  oxygen  in  a  tube  containing 
rjopper  oxide  ;  the  water  is  collected  in  a  previously- 
dw^eighed  calcium  chloride  tube  (Fig.  28),  and  the 
:carbon  dioxide  in  a  strong  solution  of  caustic  potash 
v3ontained  in  a  series  of  bulbs  (Fig.  29),  which  are 
•weighed  with  the  caustic  potash  previous  to  the 
operation. 

The  combustion  is  carried  out  in  a  thick  combus- 
tion tube,  about  24  inches  long,  made  of  hard  glass 
(Fig.   .30),  the  fore  part  of  which  is  charged  with 
•well-dried   granular  copper  oxide   (c),  a  plug  of 
X— 32 
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asbestos  (d)  being  placed  in  front  of  it  to  prevent  the 
mechanical  carrying  over  of  any  of  the  copper  oxide. 
The  weighed  quantity  of  sugar  is  placed  in  a  small 


Fig.  28.— Chloride  of  Calcium  Tubes. 

[)latinum  boat  (b),  which  is  then  slipped  into  the 
tube  as  shown  in  the  figure,  and  the  tube  is  then 
placed  in  a  gas  combustion-furnace,  with  the  ends 
projecting  from  either  extremity  of  the  furnace  ;  the 


Fig.  29.— Caustic  Potash  Bulbs. 

weighed  calcium  chloride  tube  (e)  is  then  connected 
to  the  D  end  of  the  combustion  tube  by  means  of 
a  perforated  cork,  and  the  weighed  potash  bulbs 
(Fig.  29)  are  next  connected  to  the  calcium  chloride 
tube  at  F  by  means  of  a  small  piece  of  india-rubber 
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tubins: :  the  hinder  extremity  of  the  tube  at  A  is  con- 
nected  with  a  reservoir  or  gasometer,  from  whicli  pure 
dry  oxygen  can  be  passed  through 
the  apparatus. 

The  fore  part  of  the  tube  con- 
taining the  copper  oxide  is  first 
made  red-hot,  and  oxygen  is  al- 
lowed to  pass  slowly  through  the  «j  ^=(^^2^^ 
tube ;  heat  is  then  applied  to  the 
part  B  where  the  platinum  boat 
containing  the  sugar  has  been 
placed,  when  the  sugar  is  burnt 
by  the  oxygen  to  carbon  dioxide 
and  water,  any  hydrocarbon  va- 
pours that  may  escape  combustion 
by  the  oxygen  becoming  com- 
pletely oxidised  during  their  tran- 
sit over  the  red-hot  copper  oxide, 
some  of  which  becomes  reduced 
to  cuprous  oxide  or  to  metallic 
copper.  The  water  in  the  form  of 
aqueous  vapour  (steam)  and  the 
carbon  dioxide  are  carried  on- 
wards by  the  stream  of  oxygen, 
the  water  being  entirely  absorbed 
by  the  calcium  chloride,  and  the 
carbon  dioxide  passing  on  to  be- 
come completely  absorbed  by  the  ^  m 
caustic  potash  in  the  potash  bulbs. 
"When  all  the  sugar  is  completely 
burnt  away,  and  nothing  but  oxy- 

;  gen  bubbles  through  the  potash 

1  bulbs,  the  operation  is  stopped, 

1  and  the  potash  bulbs  and  the  cal- 

<cium  chloride  tube  are  detached 
and  carefully  weighed ;  the  increase  in  weight  of  the 
latter  gives  the  amount  of  water  prodiiced,  and  the 
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inci'ease  in  weight  of  the  former  gives  the  amount 
of  carbon  dioxide  produced ;  from  these  the  actual 
weights  of  carbon  and  hydrogen  can  easily  be  cal- 
culated. These,  then,  will  be  the  weights  of  carbon 
and  hydrogen  that  were  present  in  the  weighed 
quantity  of  sugar  taken  ;  from  which  the  percentage 
composition  of  the  sugar  can  then  be  calculated. 

The  following  account  of  a  combustion  of  sugar 
will  serve  to  demonstrate  the  method  of  making  these 
calculations. 

Weight  of  sugar  employed  0*4  gramme. 

Weight  of.  potash  bulbs  after  the  combustion  52-7425  grammes. 
„        „     before  „         52  1250 


•6175  gramme 
of  C0„ 
produced. 

Weight  of  calcium  chloride  tube  after  the  |  33.4895  ^ammes 

combustion.  .1 
Weight  of  calcium  chloride  tube  before  the  1  33.2,575 

combustion.  )        '  '  " 

•2320  gramme 
of  HjO 
produced. 

Now  from  the  calculation  of  the  molecular  weight 
of  CO2 

C  =12 
02=16  X  2  =  32 

44 

it  is  evident  that  every  44  parts  of  COg  contain  12 
parts  of  C  by  weight ;  therefore  what  weight  of  C 
will  be  contained  in  -6175  gramme  of  CO,  1 

44  :  -6175  : :  12  :  a; 

X  =  -1684  gramme  of  carbon,  which  is  the  weight  of  carbon 
present  in  "4  gramme  of  sugar. 
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Similarly  from  the  calculation  of  the  molecular 
weight  of  HgO 

Ha  =  l  X  2  =  2 
0  =16 

18 

it  is  evident  that  every  1 8  parts  of  HjO  contain  2  parts 
of  H  by  weight ;  therefore  what  weight  of  H  will  be 
contained  in  -232  gramme  of  HjO  ? 

18  :  -232  : :  2  :  a; 

X  =  •0257  gramme  of  hydrogen,  which  is  the  weight  of 
hydrogen  present  in     gramme  of  sugar. 

If  "4:  parts  of  sugar  contain  "1684  parts  of  carbon, 
what  will  100  parts  of  sugar  contain  % 

•4  :  100  : :  -1681  :  x 
4210  per  cent,  of  carbon. 

If  -4  parts  of  sugar  contain  -0257  parts  of  hydrogen, 
what  will  100  parts  of  sugar  cojitain  ? 

•4  :  100  : :  -0257  :  x 
a;  =  6-42  per  cent,  of  hydrogen. 

As  sugar  is  composed  only  of  carbon,  hydrogen, 
and  oxygen,  if  the  sum  of  the  percentages  of  carbon 
and  hydrogen  be  deducted  from  100,  the  difference, 
viz.  51-48,  will  represent  the  percentage  of  oxygen. 

Percentage  composition  Percentage  composition 

of  sugar  as  obtained  of  sugar  as  obtniued  by 

by  analysis.  calculation  from  its 
formula. 

Carhon      .       .              42  10  42  11 

Hydrogen  .       .                6-42  6-43 

O-xygcn     .       .               51-48  51-46 


100-00  100  00 
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Determination  of  the  carbon  and  liydro- 
g:en  in  an  org^anic  compound  containiu;^ 
nitrog:en. — The  carbon  and  hydrogen  are  determined 
separately  from  the  nitrogen  ;  the  process  of  combus- 
tion just  described  is  adopted,  but  it  is  necessary  to 
insert  in  the  fore  part  of  the  tube  at  d  (Fig.  30)  a 
roll  of  metal  copper  gauze  about  3  or  4  inches  long ; 
this  is  made  red  hot  before  commencing  the  combustion, 
and  then  serves  to  reduce  any  oxides  of  nitrogen  that 
may  be  evolved,  converting  them  by  abstraction  of 
their  oxygen  into  free  nitrogen,  which  then  passes 
unabsorbed  through  the  calcium  chloride  tube  and 
potash  bulbs,  and  so  escapes.  If  this  were  not  done, 
any  oxides  of  nitrogen  formed  would  be  absorbed  by 
the  caustic  potash,  and  so  would  vitiate  the  determina- 
tion of  the  carbon. 

Determination  of  the  carbon  and  liydro- 
gen  in  an  org^anic  componnd  containing 
chlorine,  bromine,  or  iodine. — Lead  chromate 
should  be  substituted  for  the  copper  oxide,  and  the 
combustion  proceeded  with  in  the  usual  manner  ;  the 
lead  chromate  keeping  back  either  of  the  halogen 
elements. 

Determination  of  the  carbon  and  hydro- 
gen in  an  organic  liquid.— If  it  is  required  to 
determine  the  amounts  of  carbon  and  hydrogen  in  an 
organic  liquid,  such  as  alcohol,  a  bulb  is  blown  on  the 
end  of  a  piece  of  fine  capillary  glass  tubing,  the  whole 
being  of  about  the  size  shown  in  Fig.  31,  so  that  it 
can  be  easily  slipped  into  the  combustion-tube.  The 
bulb  is  first  accurately  weighed,  and  is  then  warmed 
over  a  spirit  or  Bunsen  flame  to  expand  the  air  within 
it,  and  its  open  end  is  then  quickly  inverted  beneath 
some  of  the  alcohol  or  whatever  organic  liquid  is  being 
submitted  to  analysis;  as  the  air  in  the  bulb  cools 
and  contracts,  the  alcohol  is  forced  up  into  it  by 
atmospheric  pressure,  and  when  the  bulb  is  full  of 
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alcohol  up  to  A,  the  end  B  is  inserted  for  a  moment 
or  two  into  a  spirit  or  Bunsen  flame  in  order  to 
seal  it.  The  sealed  bulb  is  now  again  weighed,  and 
the  increase  of  weight  represents  the  amount  of 
alcohol  contained  in  it;  the  sealed  end  b  is  then 
broken  off  and  is  placed  together  with  the  bulb  in  the 
platinum  boat  (b,  Fig.  30),  which  is  then  pushed 


Fig.  31. — Bulb  for  weighing  Organic  Liquids 


into  the  combustion-tube,  and  the  combustion  is  pro- 
ceeded with  in  the  ordinary  way,  care  being  taken  to 
apply  heat  very  gradually  to  tlie  part  of  the  tube 
under  the  platinum  boat,  so  that  the  alcohol  shall  be 
slowly  converted  into  vapour,  which,  cari'ied  by  the 
current  of  oxygen  over  the  red  hot  coppei'  oxide, 
becomes  completely  oxidised  to  carbon  dioxide  and 
water. 

Detcrniiiiation  of  the  iiitrog^eii  in  an 
organic  nitrogcnons  compound. — The  nitrogen 
of  an  organic  compound  is  always  detex'mined  sepa- 
rately from  the  carbon  and  hydrogen  by  a  special 
process.  There  are  two  methods  in  use : — (i)  The 
ammonia  process,  by  which  the  nitrogen  is  convert(*d 
into  ammonia,  the  amount  of  which  is  esLimated  ;  aud 
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(ii)  the  free  nitrogen  2)rocess,  by  which  the  nitrogen 
of  the  organic  substance  is  obtained  in  the  fi  ee  state, 
and  its  amount  deternjined  by  collecting  it  in  a 
graduated  tube. 

(i)  The  ammonia  process,  or  Will  and  Varren- 
trap2)'s  method. — This  process  depends  upon  the  fact 
that  if  an  organic  nitrogenous  body  is  heated  with  a  I 
solid  caustic  alkali,  the  nitrogen  is  converted  into  and  i 
is  completely  evolved  as  ammonia.  A  piece  of  stout  ■ 
combustion-tubing,  about  15  inches  long,  is  dra^vn  ■ 
out  to  a  point  at  one  end,  which  is  bent  nearly  to  a  * 


Pig.  32.— Combustion-Tube  for  the  Deterininatiou  of  Nitrogen  bj  the  1 
Ammonia  Process.  i 

riglit  angle  (Fig.  32)  ;  the  posterior  third  of  this  (a, 
Fig.  33)  is  filled  with  the  granular  soda-lime  (a  mixture 
of  sodium  and  calcium  hydrates,  produced  by  slaking 
lime  with  a  strong  solution  of  caustic  soda) ;  the 
weighed  quantity  of  the  nitrogenous  organic  substance 
is  then  thoroughly  mixed  with  more  soda-lime,  and 
the  mixture  introduced  into  the  combustion-tube  so 
as  to  occupy  the  middle  third  (b.  Fig.  33) ;  the 
anterior  third  of  the  tube  is  then  filled  up  with  soda- 
lime  (c,  Fig.  33),  in  front  of  which  is  placed  a  plug 
of  asbestos,  D,  to  prevent  the  mechanical  carrying 
over  of  any  of  the  soda-lime.  To  the  charged  com- 
bustion-tube is  now  fitted,  by  means  of  a  perforated 
cork,  the  piece  of  apparatus,  e  (  Fig.  33),  consisting 
of  three  bulbs,  and  containing  a  measured  quantity  of 
a  standardised  sulphuric  acid.  Heat  is  then  applied 
to  the  fore  part  of  the  tube  (c  and  d),  and  when  this 
has  become  red-hot  the  other  portions  of  the  tube  are 
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«     gradually  heated,  until  the  whole  is  red-hot.  The 
nitrogen  of  the  organic  substance  is  converted  by  the 
5      soda-lime  into  ammonia,  which  as  it  bubbles  through 
the  diluted  sulphuric  acid  contained  in  the  bulbs  is 
i-  "  absorbed,  neutralising  some  of  the  sulphuric  acid. 

When  no  more  bubbles  pass  through  the  acid,  the 
1  turned-up  extremity  of  the  combustion-tube  is  broken 
i  ofl",  and  air  is  drawn  through  the  apparatus,  so  as 
'■  to  displace  any  ammonia  remaining  within  the  com- 
i  bustion-tube  into  the  acid.  The  bulbs  are  then  with- 
1     drawn  and  the  acid  turned  out  into  an  evaporating- 


Fig.  33. — Combustion-Tube  cliorged  for  the  Determiuatioii  of  Nitrogen 
by  the  Ammonia  Process. 


( dish ;  the  amount  of  free  acid  left  is  then  deter- 
1  mined  by  seeing  what  quantity  of  a  standard  solution 
<  of  caustic  soda  is  required  to  neutralise  the  acid  left 
1  unneutralised  by  the  ammonia;  the  difference  (since 

•  a  measured  quantity  of  standardised  sulphuric  acid 
^  was  taken)  represents  the  amount  of  acid  neutralised 
I  by  the  ammonia,  from  which  the  amount  of  ammonia 
I  required  to  neutralise  it  can  easily  be  calculated.  The 
^  weight  of  nitrogen  contained  in  this  amount  of  am- 
1  monia  then  represents  the  actual  weight  of  nitrogen 

♦  contained  in  the  weighed  quantity  of  the  organic 
I  nitrogenous  substance  operated  on,  from  which  the 
[percentage  of  nitrogen  is  easily  calcvilated. 

(ii)  The    free    nitrogen    process,    or  DumcHs 
y  method. — This  consists  in  burning  the  organic  nitro- 
ligeiioiis   substance  with    copper  oxide,  passing  the 
oxides  of  nitrogen  formed  over  heated  metallic  copper, 
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to  reduce  them  to  nitrogen,  and  collecting  the  nitrogen 
in  a  graduated  tube  over  a  strong  solution  of  caustic 

potash,  which  absorbs  car- 
bon dioxide,  but  not  nitro- 
gen. Before  commencing 
the  combustion,  the  air 
within  the  charged  com- 
bustion-tube is  expelled  by 
means  of  carbon  dioxide. 
To  carry  out  this  process,  a 
piece  of  combustion-tubing, 
about  20  inches  long,  is 
sealed  at  one  end,  test  tube 
fashion ;  at  the  closed  end 
some  sodium  bicarbonate, 
A  (Fig.  34),  is  introduced, 
then  some  copper  oxide,  b, 
then  the  mixture  of  copper 
oxide  and  the  weighed 
quantity  of  the  organic 
nitrogenous  substance,  c ; 
after  this  some  more  copper 
oxide,  D,  and  finally  a  roll 
of  metallic  copper  gauze,  k. 
A  piece  of  bent  tubing,  dip- 
ping beneath  the  surface  of 
mercury  in  a  pneumatic 
trough,  is  then  connected  to 
the  charged  combustion- 
tube  by  means  of  a  per- 
forated cork.  Before  tht 
graduated  tube  f  is  placeil 
over  the  delivery  tube 
heat  is  applied  to  thi 
sodium  bicarbonate  at  A,  so  that  the  carbon  di- 
oxide evolved  shall  chase  out  all  the  air  in  the  com- 
bustion and  delivery  tubes.    When  this  is  efi'ected. 
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the  graduated  tube  F  is  filled  two-thirds  Avitli  mercury 
uid  one-third  with  a  strong  solution  of  caustic  potash, 
and  is  then  inverted  over  the  end  of  the  delivery  tube 
—that  is,  beneath  the  surface  of  the  mercury  in  the 
•  rough.  The  combustion  is  then  carried  on  by  first 
uaking  the  fore  part  of  the  combustion-tube  at  F  red- 
hot,  and  gradually  extending  the  heat  to  the  hinder 
part  till  it  is  red-hot  throughout.  Any  oxides  of 
nitrogen  formed  are  reduced  by  the  metallic  copper 
to  free  nitrogen,  which,  along  with  carbon  dioxide, 
hubbies  up  through  the  mercury  and  caustic  potash 
m  the  graduated  tube,  the  carbon  dioxide  becoming 
■ompletely  absorbed  by  the  caustic  potash,  and  the 
nitrogen  only  collecting.  The  volume  of  nitrogen 
is  then  read  off",  from  which  the  weight  can  be 
■alculated,  and  this  represents  the  actual  weight  of 
nitrogen  that  was  present  in  the  weighed  quantity  of 
the  organic  nitrogenous  body  operated  on. 

Determination  of  chlorine  in  org^anic 
compounds. — A  weighed  quantity  of  the  organic 
l  ompound  is  roasted  with  pui-e  quicklime  (CaO)  in  a 
ombustion-tube,  by  which  means  the  chlorine  of  the 
organic  compound  is  converted  into  calcium  chloride  ; 
ifche  contents  of  the  tube  are  then  dissolved  in  water 
iind  nitric  acid,  and  silver  nitrate  added  to  precipitate 
lall  the  chlorine  as  silver  chloride,  which  is  then  col- 
lected, washed,  dried,  and  weighed.  From  the  weight 
>of  silver  chloride  the  amount  of  chlorine  present  is 
s»lculated,  and  this  will  be  the  actual  amount  of 
jbhlorine  present  in  the  weighed  quantity  of  the 
lorganic  compound  operated  on. 

Iodine  and  bromine  in  organic  compounds  are 
estimated  in  a  precisely  similar  manner  to  chlorine. 

Determination    of   sulpiiur   in  org^anic 
'compounds. — A  weighed  quantity  of  the  organic 
■  jompound  is  heated  in  a  porcelain  dish  with  potassium 
chlorate  and  nitric  acid,  by  which  means  the  sulphur 
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is  oxidised  to  sulphuric  acid  ;  the  contents  of  the  dish 
are  boiled  with  water,  and  filtered,  and,  to  the  filtrate, 
barium  nitrate  is  added  to  precipitate  the  sulphuric 
acid  as  barium  sulphate,  which  is  then  collected, 
washed,  dried,  and  weighed.  From  the  weight  of 
barium  sulphate  the  amount  of  sulphur  present  is 
calculated. 

Phosjyhorus  in  organic  compounds  is  oxidised  to 
phosphoric  acid  in  a  similar  manner,  and  is  precipitated 
as  the  magnesium  ammonium  phosphate. 

Calculation  of  the  Formula  of  an  Organic 
Compound  from  the  Percentage  Composition, 

The  percentage  composition  represents  the  propor- 
tions of  the  elements  in  the  compound  by  weight ;  as 
a  formula  represents  the  proportions  of  the  elements 
as  atoms.  Since  the  atoms  of  different  elements  have 
different  weights,  to  change  the  proportions  by  weight 
into  proportions  by  atoms,  it  will  be  necessary  to 
divide  the  percentage  weights  of  the  elements  by  their 
respective  atomic  weights.  The  procedure  is  best 
demonstrated  by  taking  an  example  ;  that  of  acetic 
acid  will  be  taken. 

The  percentage  composition  of  acetic  acid  is  : — 

Carbon  40-00 
Hydrogen  6-66 
Oxygen  53-34 

100-00 

These  proportions  of  the  elements  by  weight  are 
divided  by  their  respective  atomic  weights  to  find 
their  relative  proportions  as  atoms. 

Carton  40-00  -  12  =  3-33 
Hydi-ogen  6-66  -r  1  =  6-66 
Oxygen      53-34  ^  16  =  3-33 
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The  numbers  representing  the  atomic  proportions, 
I  are  then  by  a  common  divisor  reduced  to  the  simplest 
{possible  whole  numbers.  It  is  obvious  that  in  the 
{present  case  3'33  is  a  common  divisor,  giving  the  pro- 
I  portions  of  1  atom  of  carbon  to  2  atoms  of  hydrogen 
I  and  1  atom  of  oxygen,  which  represented  as  a  formula 
i  is : — 

CH,0. 

This  is  the  empirical  formula  of  acetic  acid  ;  that 
iis,  it  is  the  simplest  possible  expression  of  its  com- 
{ position,  representing  the  elements  of  which  it  is 
I  composed,  and  their  relative  proportions  as  atoms  to 
I  one  another.  A  molecular  formula  indicates  the 
I  number  of  atoms  in  the  molecule  of  a  body,  and  may 
\  be  the  same  as  the  empirical  formula,  or  some  simple 
I  multiple  of  it.  To  ascertain  the  molecular  formula  of 
a  acetic  acid,  its  va  pour-density  must  be  taken ;  that  is, 
iit  must  be  converted  into  vapour,  and  the  specific 
J  gravity  of  its  vapour  determined.  The  molecular 
1  weight  is  obtained  by  doubling  the  vapour-density, 
s since  the  specific  gravity  of  any  gas  or  vapour  is  half 
isits  molecular  weight  (see  page  49) ;  it  can  then  be  easily 
I  ascertained  whether  this  molecular  weight  is  the  same 
I  as  that  calculated  from  the  empirical  formula,  or  some 
t  multiple  of  it. 

Now,  the  vapour-density  of  acetic  acid  is  30  (that 
bis,  its  vapour  is  30  times  heavier  than  hydrogen  at 
tthe  same  temperature  and  pressure),  therefore  the 
(molecular  weight  of  acetic  acid  is  60.  The  formula 
( CHjO  only  gives  a  weight  of  30. 

C  =12 
Hg  =  1  X  2  =  2 
0  =16 


30 


366 


Chemistry. 


[Part  w 


Therefore,  the  double  of  the  empirical  formula,  \  iz. 
CoH^Oo,  must  be  the  molecular  foi-mula  of  acetic  acid, 
since  it  yields  the  molecular  weight  of  acetic  acid, 
viz,  60. 

Ca  =  12  X  2  =  24 
H4  =  1x4=  4 
Oo  =  16  X  2  =  32 

60 

A  constitutional  or  rational  formula  indicates  not 
only  the  number  of  atoms  in  the  molecule  of  a  body, 
but  also  the  way  in  which  those  atoms  are  arranged ; 
that  is,  it  exhibits  the  constitution  or  architecture  of 
the  body.  A  constitutional  formula  can  only  be 
arrived  at  by  a  series  of  experiments,  which  may 
require  to  be  very  elaborate,  and  the  description  of 
wliich  would  be  out  of  place  here ;  in  fact,  the  con- 
stitution of  many  organic  bodies  has  not  yet  been 
ascertained. 

In  the  case  of  acetic  acid,  it  is  found  that  out  of 
the  four  atoms  of  hydrogen  one  can  be  displaced  by 
metals,  and  therefore  has  a  different  arrangement  to 
the  other  three ;  this  may  be  expressed  by  a  con- 
stitutional formula  represented  thus  : — 

which  indicates  the  different  position  of  the  hydrogen, 
atom  that  can  be  displaced  by  metals,  and  also  shows 
the  grouping  of  the  remaining  atoms  together  to  form 
the  acetic  radical,  CgHgOg. 

It  is  also  found,  as  the  result  of  experiments,  that 
the  three  hydrogen  atoms  ai'e  present  in  acetic  acid  as 
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a  methyl  group,  CHg  ;  tliis  may  be  expressed  by  a 
coustitutional  formula  represented  thus  : — 

CHg 

COHO, 

■which  shows  that  acetic  acid  is  composed  of  the  radical 
methyl  (CHg)  united  with  the  radical  oxatyl  (COHO). 
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CHAPTER  III. 

HYDROCARBONS. 

raraflSn  Series  —  Methane  —  Ethane  —  Petroleum  —  Benzoline  — 
Olefine  Series — Ethene— Acetylene  Series— Acetylene— Coal 
Gas — Structure  of  Gas  or  Candle  Flame. 

(I.)   Paraffin  Series. 

ITIctliaiic  (CH,.). — Known  also  as  marsh  gas,  fire- 
damp, and  light  carhuretted  hydrogen. 

Modes  of  preparation. —  (i)  By  heating  a 
mixture  of  Sodium  acetate  and  caustic  soda,  the  latter 
being  most  conveniently  employed  in  the  form  of  soda- 
lime. 


NaaHgO^    +  NaHO 

So3ium  Sodium 
acetate.  hydrate. 


CH4    +  NajCOg 

Methane.  Sodium 
carbonate. 


(ii)  By  passing  a  mixture  of  sulphuretted 
hydrogen  and  the  vapour  of  carbon  disulphide  over 
red-hot  copper. 

2H2S  +    CSo    +    4Cu2   =   CH^    +  4CuoS 

Suliihuretted      Carbon         Copper.         Metbane.  Cuprous 
hydrogen.      disulphide.  sulphide. 

(iii)  Methane  is  produced  by  the  slow  decom- 
position of  vegetable  substances,  as  in  marshes  and 
stagnant  pools  from  decaying  vegetable  matter,  when 
it  is  known  as  marsh  gas,  and  is  also  found  in  coal 
mines,  where  it  is  known  as  fire-dam,]}. 

(iv)  Methane  is  formed  by  the  dry  or  destructive 
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distillation  of  various  organic  substances,  and  is  one 
of  the  constituents  of  coal  gas. 

Properties  of  methane. — A  coloui'less,  in- 
odorous, and  tasteless  gas  ;  its  specific  gravity  is  8, 
and  it  is  therefore  much  lighter  than  air  \  it  is  but 
very  slightly  soluble  in  water,  and  is  combustible, 
but  not  a  supporter  of  combustion.    It  burns  with  a 
partially  luminous  flame,  producing  carbon  dioxide 
and  water ;  if  mixed  with  oxygen  or  air,  and  a  light 
applied  to  the  mixture,  an  explosion  will  take  place  ; 
this  is  the  cause   of  the  frequent  disastrous  ex- 
[  plosions  that  occur  in  coal  mines.     Methane  is  not 
1  poisonous,  but  it  is  incapable  of  supporting  life.  A 
1  mixture  of  methane  and  excess  of  chlorine  exposed  to 
i  bright  sunshine  explodes,  forming  hydrochloric  acid 
sand  setting  free  carbon ;  but  in  diffused  daylight 
(.chlorine  acts  ujjon  methane  slowly  and  quietly,  form- 
ing a  series  of  substitution  products  according  to  the 
amount  of  chlorine  used.    Thus,  if  equal  volumes  of 
methane  and  chlorine  are  employed,  methyl  chloride 
or  monochlormethane  (CH3CI)  is  formed. 

CH^    -h    CI3    =    CH3CI    -f  HCl 

:m  Methane.        Chlorine.  Methyl  Hydrochloric 

.^1  chloride.  acid. 

If  1  volume  of  methane  and  2  volumes  of  chlorine 
are  employed,  bichloride   of  methylene  or  dichlor- 
lethane  (CHgClj)  is  formed. 

CHj    -I-    2CI2    =    CH2CI2    -h  2HC1 

sSsW        Methane.         Chlorine.  Methylene  Hydrochloric 

^1  bichloride.  acid. 

If  1  volume  of  methane  and  3  volumes  of  chlorine 
.re  employed,  chloroform  or  trichlormethane  (CHCl.,) 
8  formed. 
Y— 32 
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CH^    +    3Clo    =    CHCI3    +  3HC1 

Metbaue.         Chlorine.         Chloroform.  Hydrochloric 

acid. 

Lastly,  if  1  volume  of  methane  and  4  volumes  of 
chlorine  are  employed,  carbon  tetrachloride  or  tetra- 
chloi-methane  (CCl^)  is  formed. 

CH4  .  +     4Clo    =    CCI4    +  4HC1 

Methaue.         Chloriue.  Carbon  Hydrochloric 

tetrachloride.  acid. 

Test  for  nietliaiic. — The  formation  of  chloro- 
form by  the  exposure  of  a  mixture  of  1  volume  of  the 
gas  and  3  volumes  of  chlorine  to  diflfused  daylight 
constitutes  the  best  test  for  methane. 

JCthanc  (CoHf.).  —  This  paraffin  is  di-methyl 
(0113)2,  and  may  be  obtained  by  heating  together 
methyl  iodide  and  zinc. 

2CH3I    +     Zn    =    CoHg    +  Znl, 

Methyl  Zinc.  Ethane.  Zinc  . 

iodide.  iodide. 

Some  of  the  higher  paraffins  or  saturated  hydro- 
carbons are  found  in  natural  petroleum,  and  in  coal- 
oil  paraffins  obtained  by  the  dry  or  destructive  dis- 
tillation of  various  kinds  of  coal ;  henzoline  is  petro-. 
leuni  spirit,  a  veiy  volatile  and  inflammable  liquid 
obtained  by  distillation  from  petroleum,  and  consist- 
ing of  a  mixture  of  liquid  hydrocarbons.  Benzoline 
must  not  be  compounded  with  benzol  or  benzene  (see 
page  432). 

(II.)  Olepine  Series. 

'Etiieiie  (CjHJ. — Known  also  as  ethylene,  olejiant 
gas,  and  heavy  carburetted  hydrogen. 


)j       Chap.  III.] 


Ethene. 


Modes  of  prepuratioii. — (i)  By   heating  a 

1;  mixture  of  equal  volumes  of  alcohol  and  strong  sul- 

[i  phuric  acid.    The  action  of  the  sulphuric  acid  is 

si  simply  that  of  dehydration,  or  withdrawal  of  the 

)t  elements  of  water  from  the  alcohol. 

CgHeO    -    H2O    =  CoH^ 

!  Alcohol.  Water.  Etliene. 

j  (ii)  By  passing  acetylene  (CoH^)  through  a  mix- 

l !  ture  of  zinc  and  an  alkali  generating  nascent  hydrogen. 

■■i 

'  I  GjHj     +     Ho     =  CjH^ 

■  I  Acetylene.  Hydrogen.  Ethene. 

;  I 

^1  (iii)  Ethene  is  produced  during  the  dry  or  de- 

[1  structive  distillation  of  many  organic  bodies— coal, 

[I  for  instance — and  is  present  to  the  amount  of  about 

[}  '5  or  6  per  cent,  in  coal  gas. 

■ ;  Properties  of  ethene. — A  colourless,  inodorous, 

I  and  tasteless  gas;  its  specific  gravity  is  14,  and  it  is 

i !  therefore  a  little  lighter  than  air  ;  it  is  but  very 

ij  slightly  soluble  in  water,  and  is  combustible,  but 

ii  not  a  supporter  of  combustion.    It  burns  with  a  very 

[ '  luminous  flame,  producing  carbon  dioxide  and  water  ; 

I  \  the  luminosity  of  coal  gas  when  burnt  is  in  great  part 

I :  due  to  the  presence  of  ethene  in  the  gas.    A  mixture 

Ij  of  ethene  and  oxygen  or  air  explodes  on  the  appli- 

h  cation  of  a  light.    Ethene  is  not  a  direct  poison,  but 

(;  it  is  incapable  of   supporting  life.    It  unites  with 

>  [  chlorine,  bromine,  and  iodine,  forming  oily  liquids, 

)  I  and  hence  its  old  name  of  olefiant  gas  (from  oleum, 

)  i  oil,  and  fians,  forming) ;  its  compound  with  chlorine, 

> '  ethene  or  ethylene  chloride  (CjH.iCl^),  was  discovered 

I '  by  some  Dutch  chemists,  and  is  known  as  Dutch 

\  \  liquid.    Ethene  dissolves  in  strong  sulphuric  acid, 

\ ;  forming  ethylsulphuric  acid. 
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+     H,SO^,     =  HC2H5SO4 

Ethene.'  Sulpliuric  Ethylsulphuric 

acid.  acid. 

Tliis,  when  boiled  with  water,  splits  up  into 
alcohol  and  sulphuric  acid. 

HC2H5SO4    +    H„0    =    CoHjHO    +  H,SO., 

Ethyfsulphviric  Water.  Ethyl  Sulphuri'.- 

acid.  alcohol.  acid. 

Tests  for  ctliciie. — The  luminosity  with  which 
the  gas  burns,  combined  with  its  being  inodorous,  and 
with  the  fact  that  it  forms  an  oily  li(]uid  with  chlorine, 
constitutes  the  best  means  for  the  identification  of  this 
gas. 

Propcnc  (C.^Hp). — This  olefine  may  be  prepared 
by  heating  propyl  iodide  (CgHyl)  with  an  alcoholic 
solution  of  caustic  potash. 

C3H.I    +    KHO    =    CgHg    +    KI    +  HoO 

Propyl  Caustic  Proijeue.         Potassium  Water, 

iodide.  potash.  iodide. 

(III.)  Acetylene  Series. 

Acetylene  (CoHo). — This  body  is  of  interest,  in 
that  it  is  the  only  hydrocarbon  that  can  be  prepared 
by  direct  union  of  its  elements. 

IWodes  of  preparation. — (i)  By  synthesis  ; 
if  the  electric  arc  is  produced  in  an  atmosphere  of 
hydrogen,  the  two  elements  will  unite  at  the  very  high 
temperature  produced,  and  acetylene  is  formed. 

Co     +     Hj     =  CjHo 

Carbon.         Hydrogeu.  Acetylene. 

(ii)  By  passing  the  vapour  of  chloroform  over 
red-hot  copper. 


Chap.  III.] 


Coal  Gas. 


373 


2CHCI3  .+    3Cu.    =    CoHg    +  SCuoCU 

Chloroform.  Copper.  Acetyleue.  Cuijroiis 

chloride. 

(iii)  By  the  incomplete  combustion  of  ethene 
(C.,H^),  as  when  the  coal  gas  in  a  Bunsen  burner 
catches  five  at  the  bottom  of  the  burner ;  on  account 
of  the  insufficient  supply  of  air  under  such  conditions, 
only  part  of  the  hydrogen  of  the  ethene  undergoes 
combustion,  acetylene  being  produced. 

2aH^    +    O2    =    2C3H2    +  2H3O 

Ethene.  Oxygen,        Acetylene.  Water. 

Properties  of  acetylene. — A  colourless  gas, 
possessing  an  unpleasant,  odonr  ;  its  specific  gravity  is 
13,  and  it  is  lighter  than  air.  It  burns  with  a  very 
bi'ight  and  smoky  flame,  on  account  of  the  large 
amount  of  carbon  contained  in  it ;  if  mixed  with 
chlorine  it  explodes  almost  instantly. 

A  description  of  the  other  hydrocarbons,  of 
medical  interest  and  importance,  will  be  found  in 
connection  with  the  benzene  series. 


COAL  GAS. 

Coal  gas  is  a  mixture  of  gases,  consisting  mainly 
of  hydrogen  and  hydrocarbons,  produced  by  the  dry  or 
destructive  distillation  of  coal.  The  coal  is  heated, 
without  contact  of  air,  in  iron  retorts,  and  the  products 
of  its  destructive  distillation  are  made  to  pass,  firstly, 
through  condensers  in  which,  as  a  result  of  the  cooling 
they  are  subjected  to,  the  heavy  coal-tar  and  the 
lighter  ammoniacal  tar-liquor  are  condensed,  and  are 
then  collected  in  tanks ;  and,  secondly,  the  gas  is  led 
through  purifying  chambers,  containing  either  moist 
slaked  lime  or  ferric  oxy hydrate  spread  on  shelves. 
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either  of  which  removes  the  gaseous  impurities  contain- 
ing sulphur,  the  former  removing  carbon  dioxide  as 
well ;  finally  the  gas  is  passed  into  a  gasometer  for 
storing  purposes. 

The  constituents  of  coal  gas  may  be  divided  into 
three  groups — the  diluents,  ilhiminants,  and  impuri- 
ties. The  diluents  are  gases  which,  without  conferring 
much  luminosity  on  coal  gas  when  burnt,  yet  serve 
the  important  purpose  of  diluting  down  the  heavy 
hydrocai'bons,  which  by  themselves  would  yield  a 
smoky  flame  ;  they  constitute  about  90  per  cent,  by 
volume  of  the  coal  gas.  The  illuminants  are  hydro- 
carbon gases  or  vapours  rich  in  carbon,  and  to  their 
presence  the  luminosity  of  coal  gas  when  burnt  is  due  ; 
they  constitute  about  6  per  cent,  by  volume  of  the 
coal  gas.  The  impmHties  consist  of  nitrogen  derived 
from  a  little  air  getting  into  the  retorts  when  opened 
for  the  purpose  of  recharging,  and  of  some  carbon 
dioxide,  and  traces  of  sulphur  compounds  which  may 
liave  escaped  removal  in  the  purifiers. 

Composition  of  coal  gas. — 

By  volume. 

r  Hydrogen  r'SO  per  cent. 

Diluents        i  Methane  or  marsh  gas  <  35    „  „ 

( Carhonic  oxide  (.  6    „  ,, 

iEthene  or  defiant  gas  ) 

Acetylene  [  6    „  ,, 

Benzene  vapour  ) 

i Nitrogen 
Sulphuretted  hydrogen 
Carbon  disulphide  vapour 
Carbon  dioxide 


Structuee  op  Gas  or  Candle  Flame. 


A  gas  or  candle  flame  consists  of  three  layers 
(Fig.  35) — an  outer  or  colourless  layei',  a,  consisting  of 
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completely  burnt  gases  ;  a  middle  or  luminous  layer,  B, 
consisting  of  partially-burnt  gases,  and  containing 
floating  in  it  minute  particles  of  carbon ;  and  an 
inner  or  colourless  layer,  c,  consisting  of  unburnt 
gases. 

Taking  the  gas  flame  by  way  of  illustration,  in  the 
outer  layer  a,  both  the  hydrogen  and  the  carbon  of  the 
gaseous  constituents  are  completely  oxidised  by  the 


Fig.  35.— structure  of  Gas  or  Candle  Flame. 

oxygen  of  the  air  to  water  and  carbon  dioxide ;  to  the 
middle  layer,  B,  only  a  limited  supply  of  oxygen  from 
the  air  can  gain  access,  most  of  it  being  used  up  in  the 
outer  layer,  and  this  limited  amount  of  oxygen  has, 
therefore,  the  choice  of  oxidising  either  the  hydrogen 
or  the  carbon.  On  account  of  the  greater  affinity  of 
oxygen  for  hydrogen,  this  constituent  of  the  hydro- 
carbons is  oxidised  to  water,  and  the  carbon  is  set  free 
in  the  form  of  small  particles  which  remain  floating  in 
the  middle  layer;  these  particles  of  carbon  are  rendered 
incandescent  by  the  heat  of  the  flame,  and  so  emit  the 
white  light  to  which  the  luminosity  of  the  flame  is  due. 
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The  presence  of  the  free  carbon  in  the  middle  layer 
can  be  demonstrated  by  inserting  a  piece  of  white 
porcelain  into  the  flame,  when  the  carbon  is  deposited 
on  it  as  soot  or  lamp-black.  The  inner  layer  of  the 
flame  must  necessarily,  consist  of  unburnt  gas,  since  as 
there  is  insufficient  oxygen  reaching  the  middle  layer 
for  the  complete  combustion  of  its  constituents,  none 
can  gain  access  to  the  inner  layer.  If  air  is  introduced 
with  the  gas  from  within  the  flame,  as  in  the  Bunsen 
burner,  then  complete  combustion  of  both  the  hydro- 
gen and  the  carbon  of  the  gas  occurs,  and  the  result  is 
the  colourless  Bunsen  flame. 


377 


CHAPTEE  IV. 

CARBOHYDRATES. 

Starch — Glycogen — Dextrin — Cellulose  —  Cellulose  Derivatives — 
Cane  Sugar — Graj)e  Sugar — Levulose — Milk  Sugar — Maltose. 

These  substances  are  compounds  of  carbon  and  the 
elements  of  water,  the  hj'drogen  and  oxygen  being  in 
the  same  proportion  as  in  water.  The  principal 
carbohydrates  are  starch,  glycogen,  dextrin,  cellulose, 
and  the  various  sugars. 

Starch  (CgH^gOj). — Starch  is  contained  in  certain 
roots,  seeds,  soft  stems,  potatoes,  and  various  grains, 
such  as  wheat,  maize,  etc.  Arrowroot  and  rice 
contain  considerable  quantities  of  starch.  Starch  is 
prepared  from  roots  or  seeds  by  crushing  them  and 
placing  them  upon  a  sieve  or  strainer,  through  which 
water  is  flowing.  The  water  mechanically  carries  the 
starch  through  the  sieve,  leaving  fibrous  and  cellular 
substances  behind.  The  water  is  then  allowed  to 
stand,  and  the  starch  deposits  as  a  white  sediment, 
from  which  the  water  is  poured  off",  and  which  is 
finally  dried.  Starch  may  be  prepared  from  wheat 
flour  and  other  flours  by  placing  the  flour  in  a  muslin 
or  calico  bag  and  wringing  it  out  several  times  with 
water,  when  the  starch  is  again  mechanically  carried 
away  by  the  water,  a  sticky  substance,  gluten,  being 
left  in  the  bag. 

Properties  of  starch.— The  difierent  starches 
are  white  powders,  which,  when  examined  under  the 
microscope,  are  seen  to  consist  of  granules,  the 
granules  of  the  various  starches  diflfering  in  size  and 
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shape.  Starch  is  insoluble  in  cold  water,  the  granules 
being  unaffected  by  it,  but  in  hot  water  the  granules 
break  up,  being  in  part  dissolved  and  in  part  remaining 
in  suspension,  forming  what  is  called  "  decoction  or 
mucilage  of  starch."  Starch,  as  employed  for  laundry 
purposes,  is  coloured  a  light-blue  with  indigo,  which 
is  introduced  in  order  to  neutralise  the  faint  yellow 
colour  of  recently- washed  linen.  If  a  solution  of  free 
iodine  is  added  to  a  cold  decoction  of  starch,  a  dark- 
blue  colour,  due  to  a  molecular  compound  of  iodine 
and  stai'ch,  is  developed.  If  heat  be  applied  to  the 
blue  liquid,  the  blue  colour  disappears,  owing  to  the 
dissociation  of  the  starch  and  iodine  by  the  heat.  If 
the  heat  be  quickly  withdrawn,  the  blue  colour  reap- 
pears on  cooling,  but  if  the  heat  be  long  continued 
tlien  the  iodine  is  volatilised,  and  no  blue  colour  reap- 
pears on  cooling.  A  solution  of  starch  does  not  reduce 
an  alkaline  copper  solution  when  boiled  with  it.  If 
starch  is  boiled  with  dilute  sulphuric  acid,  it  is  first 
converted  into  dextrin  and  then,  by  assimilation  of 
water,  into  grape  sugar.  Starch  is  also  converted 
firstly  into  dextrin  and  finally  into  grape  sugar 
under  the  influence  of  certain  ferments  such  as  yeast, 
diastase  in  malt,  ptyalin  in  saliva,  and  the  pancreatic 
ferments  in  pancreatic  juice. 

Test  for  stnrcli. — The  blue  colour  produced  by 
a  solution  of  free  iodine  constitutes  an  exti'emely 
delicate  test  for  starch. 

Olycog-en  (CgHjfiOg). — This  substance,  which  is 
an  isomer  of  starch,  is  found  in  the  livers  of  man  and 
animals.  It  is  prepared  by  finely  chopping  up  fresh 
liver  and  boiling  it  with  water,  which  dissolves  out 
the  glycogen ;  from  this  sohition  it  is  precipitated  by 
the  addition  of  alcohol. 

Properties  of  glycogen. — Glycogen  is  a  white 
powder,  soluble  in  water,  in  which  it  forms  an  opal- 
escent solution.    A  solution  of  free  iodine  gives  a 
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mahogany-brown  colour  to  a  solution  of  glycogen. 
This  colour  disappears  on  the  application  of  heat,  but 
reappears  on  cooling.  Glycogen  does  not  I'educe  an 
alkaline  copper  solution,  and  it  does  not  undergo 
fermentation  in  contact  with  yeast.  It  is  readily 
converted  into  grape  sugar  by  boiling  with  dilute 
sulphuric  acid,  or  when  in  contact  with  such  ferments 
as  ptyalin,  pancreatic  ferments,  and  diastase.  In 
each  of  these  cases  the  conversion  of  the  glycogen  into 
grape  sugar  merely  consists  in  the  assimilation  of 
water. 

Glycogen.  Water.  Grape  sugar. 

Test  for  g:lycogeii. — The  mahogany-brown 
colour  produced  on  the  addition  of  iodine,  disappear- 
ing when  heat  is  applied  and  reappearing  on  cooling, 
constitutes  a  good  test  for  glycogen. 

Dextrin  (CgHjuOg).^ — This  substance  is  an  isomer 
of  starch  and  glycogen.  It  is  prepared  from  starch 
either  by  baking  it  in  an  oven,  or  by  boiling  it  with 
dilute  sulphuric  acid,  or  by  the  action  of  ferments 
such  as  yeast  and  diastase  upon  it.  The  first-mentioned 
method  is  the  best  one,  as  by  the  other  methods  the 
dextrin  is  quickly  converted  into  grape  sugar. 

Properties  of  dextrin. — ]Dextrin  is  a  whitish 
powder,  readily  soluble  in  cold  water,  in  which  it 
forms  a  sticky  or  mucilaginous  solution.  It  is  com- 
monly employed  under  the  name  of  British  gum. 

Test  for  dextrin.— A  solution  of  free  iodine 
gives,  with  a  solution  of  dextrin,  a  mahogany-brown 
colour,  which  disappears  on  the  application  of  heat, 
and  does  not  reappear  on  cooling,  thus  distinguishing 
it  from  glycogen. 

Cellulose  (CgH^oOg). — This  substance  is  an 
isomer  of  starch,  glycogen,  and  dextrin.    It  is  also 


38o 


Chemistry, 


[Part  IV. 


called  lignin.  It  is  obtained  in  its  purest  foi-m  as 
cotton  wool,  the  hairs  surrounding  the  seeds  of  various 
species  of  Gossypium.  Cellulose  is  insoluble  in  both 
cold  a!id  boiling  water.  Three  nitro-derivatives  of 
cellulose  can  be  obtained,  one  of  which  is  used  in 
surgery,  and  another  constitutes  ordinary  gun-cotton. 
The  three  nitro-derivatives  ai'e  xyloidin,  pyroxylin, 
and  gun-cotton. 

Xyloidin,  or  mono-nitrocellulose  (OgHg(NOo)05). 
— This  is  prepared  by  steeping  cellulose  in  commercial 
nitric  acid. 

C«Hi,0,  +  HNO3  =  C,H9(NO.)05  4-  HP 

Cellulose.        Nitric  acid.  Xyloidin.  Water. 

Pyroxylin,  or  di-nitrocellulose.  (G^^Q^O^Jd-^). 
— This  is  prepared  by  steeping  cellulose  in  a  mixture 
of  sulphuric  and  nitric  acids,  the  sulphuric  acid  being 
employed  to  absorb  the  water  produced  by  the  action 
of  the  nitric  acid  on  the  cellulose. 

CeHj.Os  -H  2HN0.,  =  C.ll^l^O.^p,  -H  2H3O 

Cellulose.         Nitric  acid.  Pyroxylin.  Water. 

This  substance,  dissolved  in  a  mixture  of  alcohol  and 
ether,  constitutes  collodion,  wliich  is  employed  for 
producing  a  covering  or  artificial  skin  to  abrasions,  etc., 
of  the  skin. 

Gun-cotton,  or  tri-nitrocellulose  [CQK<j(NO^).fi-). 
— This  substance  is  prepared  by  steeping  gun-cotton 
in  the  strongest  sulphuric  and  nitric  acids,  the  sulphuric 
acid  being  employed  to  absorb  the  water  produced 
in  the  process. 


CgHioOg  +  3HNO3  =  CeH7(NOo)305  +  SH.O 

Cellulose.         Nitric  acid.  Gim-cotton.  Water. 
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This  is  the  ordinary  gun-cotton  employed  for  blasting 
purposes  and  in  gun-cotton  cartridges.  It  is  an  ex- 
plosive, in  that  it  contains  sufficient  oxygen  for  the 
combustion  of  the  carbon  and  hydrogen  contained  in 
it.  It  produces,  when  exploded,  large  volumes  of  the 
two  oxides  of  carbon,  steam,  and  nitrogen,  which  are, 
in  addition,  greatly  expanded  by  the  heat  produced  by 
the  chemical  decomposition.  It  is  the  sudden  produc- 
tion and  violent  expansion  of  these  gases  that  cause 
the  explosion  of  gun-cotton  when  fired. 

Sugars. 

The  principal  sugars  are  cane  sugar,  grape  sugar, 
milk  sugar,  and  maltose  or  malt  sugar. 

Cane    sugar,    sucrose,    or  saccharose 

(CjoHjjOjj). — This  sugar  exists  in  the  sugar  cane, 
beet  root,  and  in  the  sap  of  the  sugar  maple.    It  is 
extracted  from  the  sugar  cane  by  crushing  the  canes 
in  order  to  squeeze  out  the  juice,  to  which  is  then 
;  added  some  slaked  lime ;  the  mixture  is  then  boiled, 
I  and  the  mechanical  impurities  are  allowed  to  settle;  the 
!  liquor,  poured  off  from  these  impurities,  is  then  con- 
tcentrated  by  evaporation  and  set  aside  to  cool,  when 
I  crystals  of  raw  or  hroion  sugar  settle  out,  the  viscid 
I  mother  liquid  constituting  molasses.    To  obtain  the 
\  white  or  loaf  sugar,  the  brown  sugar  is  dissolved  in 
'water,  and  some  serum  of  blood  and  a  little  slaked 
llirae  are  added ;  the  liquid  is  heated,  and  allowed  to 
stand,  when  the  coagulum  produced  from  the  serum 
of  blood  settles  down,  carrying  with  it  impm-ities. 
he  solution  is  next  filtered  through  animal  charcoal 
decolorise  it,  and  is  then  evaporated  to  a  syrup, 
hich  is  poured  into  conical  moulds,  within  which,  on 
cooling,  the  white  or  loaf  sugar  crystallises. 

Properties  of  cane  sugar.— Cane  sugar  is 
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readily  soluble  in  both  cold  and  hot  water  ;  its  solution 
does  not  reduce  an  alkaline  copper  solution.  If  boiled 
with  dilute  sulphuric  acid,  water  is  assimilated,  and 
grape  sugar  is  formed,  or  rather  invert  sugar,  which  is 
a  mixture  of  dextrose  and  levulose. 

Cane  sugar.  Water.  Dextrose.  Levulose. 

Yeast  also  converts  cane  sugar  into  grape  sugar. 
If  solid  cane  sugar  is  carefully  heated,  a  reddish-brown 
liquid  is  obtained,  which  is  hihrnt  sugar  or  caramel. 

Test  for  cane  siig:ar. — Cane  sugar  does  not 
reduce  the  alkaline  copper  solution,  and  hence  is  dis- 
tinguished from  grape  sugar  and  milk  sugar ;  but 
after  boiling  a  solution  of  cane  sugar  with  dilute 
sulphuric  acid,  the  solution  will  reduce  the  alkaline 
copper  solution,  on  account  of  the  convei'sion  of  the 
cane  sugar  into  grape  sugar. 

Orapc  sugai',  ordinary  g^liicosc,  or  <lcxtrosc 
(CgHjoOfj). — This  sugar  is  contained  in  grapes,  in 
honey,  the  solid  portion  of  which  consists  of  glucose, 
and  in  diabetic  urine.  It  may  be  extracted  from  any 
of  these  sources,  and  may  also  be  obtained  by  the 
hydration  of  starch  under  the  influence  of  dilute 
sulphuric  acid  or  of  diastase. 

Properties  of  glucose.— Glucose  is  readily 
sohible  in  both  cold  and  hot  water.  Its  most  important 
property  is  that  in  contact  with  yeast  it  undergoes 
alcoholic  or  vinous  fermentation,  the  yeast  causing  the 
decomposition  of  the  glucose  into  alcohol  and  carbon 
dioxide,  together  with  the  production  of  small  quan- 
tities of  some  other  substances  {see  page  402). 

CgHijOg    =    2G,B.p    +  2COo 

Glucose.  Etliyl  alcohol.      Carbon  dioxide. 
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Test,  for  glucose. — A  solution  of  glucose  reduces 
au  alkaline  copper  solution  when  boiled  with  it, 
causing  the  precipitation  of  the  red  cuprous  oxide. 
This  is  the  ordinary  copper  test  for  grape  sugar,  and 
is  the  method  employed  for  the  detection  of  sugar  in 
urine.  The  alkaline  copper  solution  is  prepared  and 
used  under  the  name  of  Fehling's  solution.  To  pre- 
pare this,  a  solution  of  copper  sulphate  is  first  made, 
and  another  solution  of  potassium  sodium  tartrate  and 
caustic  soda  is  made.  If  equal  quantities  of  these 
solutions  are  mixed,  a  dark  blue  clear  liquid  is 
obtained,  which  is  Fehling's  solution.  If  some  of  this 
is  boiled  with  a  small  quantity  of  grape  sugar,  the 
cupric  salt  is  reduced  and  precipitated  as  red  cuprous 
oxide. 

Leviilose  (CgHj^oO^).  —  This  is  an  isomer  of 
ordinary  grape  sugar  or  dextrose.  It  occurs  in  small 
quantities  iu  honey,  and  in  many  fruits  mixed  with 
dextrose.  It  is  distinguished  from  dextrose  by  its 
solution  turning  a  ray  of  polarised  light  to  the  left, 
whereas  a  solution  of  dextrose  turns  it  always  to  the 
right.  It  is  best  prepared  by  the  inversion  of  cane 
sugar,  which  consists  in  boiling  the  cane  sugar  with 
dilute  sulphuric  acid,  when  a  mixture  of  dextrose  and 
levulose  is  obtained. 

C12H22O11    +    H.O    =    CgHijOo    +  CfiHj.O,. 

Cane  sugar.  Water.  Dextrose.  Levulose. 

To  separate  the  two  sugars  advantage  is  taken  of 
the  fact  that  they  both  form  compounds  with  lime, 
the  dextrose-lime  compound  being  soluble,  while  the 
levulose-lime  compound  is  insoluble.  To  the  solution 
of  the  two  sugars  slaked-lime  is  therefore  added,  and 
the  mixture  filtered  ;  on  passing  carbon  dioxide 
through  the  filtrate,  the  lime  is  precipitated  as  calcium 
carbonate,  and  the  glucose  only  is  left  in  solution.  If 
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the  insoluble  levulose-lime  compound  is  suspended  in 
water  and  carbon  dioxide  passed  through,  calcium 
carbonate  is  precipitated,  and  the  levulose,  in  a  pure 
state,  is  left  in  solution. 

Tests  for  leviilose. — Levulose  reduces  Fehling's 
solution  in  a  similar  manner  to  dextrose,  and  can  only 
be  distinguished  from  dexti-ose,  as  previously  men- 
tioned, by  its  action  on  polarised  light. 

Milk  siig-ar  or  lactose  (C^jHooOip  HnO). — 
This  sugar  is  contained  in  milk,  from  which  it  may 
be  prepared  by  precipitating  the  curds  by  the  addition 
of  rennet  or  some  acid,  filtering,  and  evaporating  the 
clear  whey  to  a  low  bulk,  when  the  milk  sugar 
crystallises  out  on  cooling. 

Properties  of  milk  su^j^ar. — It  is  less  soluble 
in  water  than  any  of  the  other  sugars,  and  also  less 
sweet. '  It  does  not  undergo  fermentation  in  contact 
with  yeast,  or  only  after  a  very  long  time ;  in 
contact  Avith  the  ferment  penicillium  glaucum  it 
undergoes  lactic  acid  fermentation ;  it  is  this  con- 
version of  milk  sugar  into  lactic  acid  which  is  the 
cause  of  the  souring  of  milk  when  exposed  to  the  air, 
the  spores  of  penicillium  glaucum  being  always 
present  in  the  air,  and  settling  on  the  exposed  surface 
of  the  milk. 

Test  for  milk  sugar.  —  A  solution  of  inilk 
sugar  reduces  Fehling's  solution  when  boiled  with  it, 
and  in  this  respect  it  resembles  glucose.  It  can  be 
distinguished  from  glucose,  in  the  solid  state,  by  its 
being  so  much  less  soluble  in  water,  and  in  solution, 
by  not  undergoing  fermentation  in  contact  with  yeast ; 
whereas  a  solution  of  glucose  readily  ferments  in 
contact  with  yeast  when  the  mixture  is  left  in  a  warm 
place. 

Maltose  (C12H33O11,  HoO).— This  substance  is 
isomeric  with  lactose"  It  is  obtained  by  the  action  of 
malt  extract  on  starch. 
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CHAPTER  V. 

CYANOGEN  GROUP. 

Cyauogen — Potassium  Ferrocyanide — Potassium  Cyanide — Hydro- 
cyanic Acid — Tests  for  Hydrocyanic  Acid  and  Cyanides — 
Potassium  Ferricyanide— Methyl  Cyanide — Ethyl  Cyanide 
— Potassium  Cyanate — Ammoniuna  Cyanate — Potassium  Sul- 
phocyanate. 

Cyauog:en  (CgNg). — The  name  cyanogen  (from 
Kvai'og,  blue;  ytvvau),  to  generate)  is  due  to  the  fact 
that  some  of  the  double  cyanogen  compounds  possess 
brilliant  blue  colours. 

Preparation  of  cyaiiog:eii. — Cyanogen  is  a 
gas,  and  is  obtained  by  heating  either  mercuric 
cyanide  or  silver  cyanide. 

Hg(CN)2    =    Hg    +  C2N2 

Mercuric  Mercury.  Cyanogen, 

cyanide. 

2AgCN    =    Ag2    +  C2N3 

Silver  Silver.  Cyanogen, 

cyanide. 

Properties   of  cyauog:eu.  —  Cyanogen  is  a 
colourless  gas,  possessing  a  peculiar  odour  somewhat 
resembling  that  of  the  essential  oil  of  bitter  almonds  ; 
it  is  soluble  in  water,  and  is  very  poisonous.  It  burns 
with  a  characteristic   coloured  flame,  the  colour  re- 
sembling that  of  the  peach  blossom,  and  it  produces 
'  carbon  dioxide  and  free  nitrogen  when  burnt.  Its 
I  specific  gravity  is  26,  and  it  is  therefore  much  heavier 
I  than  air, 

z— 32 
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Tests  for  cyaiiog^en. — The  odour  of  the  gas, 
combined  with  the  peculiar  colour  of  its  flame  when 
burnt,  constitute  the  best  means  for  the  recognition 
of  cyanogen. 

Potassium  ferrocyaiiide  (Kj^FeCyg). — This 
body  is  the  ancestor  of  the  cyanogen  compounds. 
Since  no  cyanogen  compounds  exist  in  nature,  it  is 
necessary  that  one  or  more  of  them  should  be  made 
by  some  artificial  process,  and  the  cyanogen  compound 
that  is  prepared  artificially  is  potassium  ferrocyanide. 
To  prepare  this  substance  it  is  necessary  to  employ 
some  potassium  salt  to  furnish  the  potassium,  the 
metal  iron  to  furnish  the  iron,  and  some  organic  sub- 
stance, rich  in  carbon  and  nitrogen,  to  furnish  the 
elements  for  the  production  of  the  cyanogen.  It  is 
made,  therefore,  by  roasting  together  potassium  car- 
bonate, iron  tilings,  and  animal  matter,  such  as  hoofs, 
horns,  and  scraps  of  hide,  substances  that  are  rich 
in  both  carbon  and  nitrogen.  Under  the  influence  of 
the  ht'ut,  and  in  presence  of  the  other  substances, 
the  carbon  and  nitrogen  unite  to  form  cyanogen, 
which,  with  the  potassium  carbonate,  forms  potassium 
cyanide  (KCy),  and  with  the  iron  forms  feirous 
cyanide  (FeCyo).  On  boiling  the  roasted  mass  with 
water,  these  two  cyanides  unite  to  form  potassium 
ferrocyanide. 

4KCy    +    FeCy^    =  K^FeCyg 

Potassium  Ferrous  Potasshim 

cyanide.  cyanide.  ferrocyanide. 

Properties. — Potassium  ferrocyanide  occurs  in 
yellow  crystals,  and  is  commonly  known  as  yellow 
prussiate  of  potash.  Although  the  powerful  poisons 
hydrocyanic  acid  and  potassium  cyanide  are  made 
from  it,  yet  potassium  ferrocyanide  itself  is  non- 
poisonous.    It  is  decomposed  by  very  strong  heat. 
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"witli  protluction  of  potassium  cyanide  and  carbide  of 
iron.  Potassium  ferrocyanide  is  decomposed  by  both 
strong  and  dilute  sulphuric  acid,  but  with  different 
results  in  the  two  cases.  If  heated  with  strong  sul- 
phuric acid,  carbon  monoxide  is  copiously  evolved. 

K^Fe(CN)e   +  6HoSO^  +   6H2O  =  2K2SO^  + 

Potassium  Sulplixu-ic  Water.  Potassium 

ferrocyanide.  acid.  sulphate. 

FeSO,    +    3(NH,),S0,    +  6C0 

Ferrous  Ammonium  Carbon 

siilxiliate.  sulphate.  monoxide. 

If  heated  with  dilute  sulphuric  acid,  hydrocyanic 
<acid  only  is  evolved. 

2K,FeCy6     +     SH^SO,     =     6HCy  + 

Potassium  Sulphuric  Hydrocyanic 

ferrocyanide.  acid.  acid. 

FeKaFeCye    +  SKjSO^ 

Ferro-potassium  Potassium 
ferrocyanide.  sulphate. 

Potassium  fen-ocyanide  is  used  in  the  manufacture 
cof  Prussian  blue,  which  is  ferric  ferrocyanide,  and 
nwhich  is  prepared  by  adding  potassium  ferrocyanide 
tto  a  solution  of  ferric  chloride  or  ferric  sulphate. 

2Fe2Cl6  +  SK.FeCyg  =  Fe,(FeCy6)3  +  12KC1 

Ferric  Potassium  Prussian  Potassium 

chloride.  ferrocyanide.  blue.  chloride. 

Tests. — (i)  Potassium  ferrocyanide  gives  with  a 
Bolution  of  ferric  chloride  a  dark  blue  precipitate  of 
Prussian  blue. 

(ii)  A  solution  of  copper  sulphate  gives  with 
ootassium  ferrocyanide  a  reddish-brown  precipitate  of 
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copper  feiTOcyanide.  This  is  the  most  delicate  test 
for  the  salt. 

(iii)  Potassium  ferrocyanide  heated  with  dilute 
sulphuric  acid  evolves  the  odour  of  hydrocyanic  acid. 

Potassium  cyanide  (KCy). — This  salt  is  pre- 
pai'ed  in  the  form  of  commercial  cyanide  of  potassium 
used  for  photogi*aphic  purposes,  and  also  as  the  pure 
cyanide  of  potassium.  The  commercial  cyanide  of 
potassium  may  be  prepared  by  strongly  heating  po- 
tassium ferrocyanide  (see  page  386),  but  it  is  most  con- 
veniently prepared  at  a  lower  temperature  by  fusing 
together  potassium  ferrocyanide  and  potassium 
carbonate.  The  cyanide  of  potassium  prepared  by 
this  process  is,  however,  always  mixed  Avith  some 
cyanate. 

K^FeCye    +    K2CO3   =    5KCy    +    KCyO  + 

Potassium  Potassium  Potassium  Potassium 

ferrocyauide.  carbonate.  cyauide.  cyaiiate. 

Fe    -f  CO3 

Iron.  Carbon 
dioxide. 

Pure  cyanide  of  potassium  may  be  prepared  by 
neutralising  hydrocyanic  acid  with  caustic  potash  ; 
this  is  most  conveniently  effected  by  passing  the 
vapour  of  hydrocyanic  acid  into  an  alcoholic  solution 
of  caustic  potash,  when  the  potassium  cyanide 
crystallises  out  as  it  is  formed. 

HCy    +    KHO    =    KCy    +  H3O 

Hydrocyanic         Caustic  Potassium  Water, 

acid.  potash.  cyanide. 

Pure  potassium  cyanide  may  also  be  prepared  by 
utilising  the  nitrogen  of  the  air.  This  is  effected  by 
passing  air  over  a  mixture  of  potassium  carbonate  and 


Chap,  v.]  Hydrocyanic  Acid. 


389 


charcoal  strongly  heated,  when  potassium  cyanide  is 
formed  and  carbon  monoxide  evolved. 

Properties. — Potassium  cyanide  is  a  white  solid 
evolving,  on  exposure  to  the  air,  the  odour  of  hydro- 
cyanic acid.  It  is  very  poisonous  and  is  readily  acted 
on  by  acids,  hydrocyanic  acid  being  evolved.  Both 
strong  and  dilute  sulphuric  acid  decompose  it,  forming 
potassium  sulphate  and  evolving  hydrocyanic  acid. 

2KCy    +    HjSO^    =    2HCy    +  KgSO.^ 

Potassium  Sulphuric  Hydrocyanic  Potassium 

cyanide.  acid.  acid.  sulphate. 

Tests. — The  tests  for  potassium  cyanide  are  the 
same  as  those  for  hydrocyanic  acid  {see  page  391). 

Hydrocyanic  acid  (HON  or  HCy). — This  acid 
is  commonly  known  as  prussic  acid,  on  account  of  its 
first  having  been  pi-epared  from  Prussian  blue ;  it  may 
be  prepared  from  potassium  ferrocyanide  or  from  any 
metallic  cyanides.  The  hydrocyanic  acid  used  in 
medicine  (Acidum  hydrocyanicum  dilutum,  B.  P.)  is 
prepared  by  distilling  potassium  ferrocyanide  with 
dilute  sulphuric  acid  {see  page  387),  and  diluting  the 
distillate  to  the  required  strength.  It  may  also  be 
prepared  by  shaking  together  solutions  of  potassium 
cyanide  and  tartaric  acid,  when  the  potassium  acid 
tartrate  is  deposited  on  standing,  leaving  the  hydro- 
cyanic acid  in  solution. 

KCy    +    HgC.H^O,   =    HCy    +  KHC.H.Og 

Potassium  Tartaric  Hydrocyanic  Potassium 

cyanide.  acid.  acid.  acid  tartrate. 

'■  Pure  hydrocyanic  acid,  which  is  seldom  prepared 
on  account  of  its  extremely  poisonous  nature  and  the 
danger  incurred  by  the  opei'ator  in  the  preparation  of 
it,  may  be  obtained  by  passing  dried  sulphuretted 
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hydrogen  gas  over  heated  mercuric  cyanide,  the  hydro- 
cyanic acid  vapour  being  condensed  in  a  suitable 
apjiaratus  surrounded  by  a  freezing  mixture. 

HgCya    +  =    2HCy    +  HgS 

Mercuric  Sulphuretted  Hydrocyanic  Mercuric 
cyanide.  hydrogen.  acid.  sulphide. 

Hydrocyanic  acid  is  present  in  the  essential  oil  of 
hitter  almonds,  being  produced  from  the  decomposition 
of  the  glucoside  amygdalin  under  the  influence  of  the 
ferment  emulsin  present  in  the  bitter  almonds,  the 
presence  of  water  being  necessary  for  the  emvilsin  to 
act  on  the  amygdalin. 

C00H27NO11    +    2H2O    =    C^HgO  + 

Amygdalin.  Water.  Oil  of 

bitter  almonds. 

HON    +  2CfiH^„0c 

Hydrocyanic  Glucose, 
acid. 

Properties. — Hydrocyanic  acid  is  an  extremely 
powerful  and  rapidly  acting  poison  ;  only  a  very  dilute 
solution  of  it  is  employed  in  medicine,  the  Diluted 
Hydrocyanic  Acid,  B.  P.,  being  of  only  2  per  cent, 
strength.  If  dilute  hydrocyanic  acid  be  kept  for  some 
time  with  exposure  to  light  it  slowly  decomposes, 
becoming  converted  into  ammonium  formate. 

HON    +    2H2O    =  NH4CHO3 

Hydrocyanic  Water.  Ammonium 

acid.  formate. 

Hydrocyanic  acid  is  contained  in  essential  oil  of 
bitter  almonds,  essence  of  peach  kernels,  essence  of 
cherry  kernels,  bitter  almond  water  and  cherry  laurel 
water.    The  strength  of  a  sample  of  hydrocyanic  acid 
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can  be  determined  by  ascertaining  the  weight  of  silver 
cyanide  precipitated  by  adding  a  solution  of  silver 
nitrate  to  a  known  quantity  of  the  diluted  hydrocyanic 
acid.  The  antidote,  in  cases  of  poisoning  by  hydro- 
cyanic acid,  is  to  convert  the  soluble  and  diffusible 
hydrocyanic  acid  into  the  insoluble  Prussian  blue. 
This  is  effected  by  giving  a  draught  containing  a 
mixture  of  sodium  carbonate,  ferrous  sulphate,  and 
ferric  chloride.  The  sodium  carbonate  forms  sodium 
cyanide. 

2HCy    +    NajCOg    =    2NaCy  + 

Hydrocyanic  Sodium  Sodium 

acid.  carbonate.  cyanide. 

H2O      +  CO3 
Water.  Carbon 
Idioxide. 


This,  with  the  ferrous  sulphate,  forms  sodium 
ferrocyanide  : 


6NaCy    +    FeSO^    =    Na^FeCyg    +  NagSO^^ 

Sodium  Ferrous  Sodium  Sodium 

cyanide.  sulphate.  ferrocyanide.  sulphate ; 


and  this,  with  the  ferric  chloride,  forms  Prussian  blue. 


2Fe2Cls  +   SNa^FeCye  =  Fe4(FeCy6)3  +  12NaCl 

Ferric  Sodium  Prussian  Sodium 

chloride.  ferrocyanide.  blue.  chloride. 

Tests  for  hydrocyanic  acid.  —  (i)  Prussian 
blue  test. — This  consists  in  adding  to  the  hydrocyanic 
acid,  caustic  soda,  solution  of  ferrous  sulphate,  solution 
of  ferric  chloride,  and,  finally,  hydrochloric  acid.  The 
first  three  reagents  act  as  described  in  connection 
with  the  antidote  {see  above) ;  the  hydrochloric  acid 
is  finally  added  to  neutralise  any  excess  of  caustic 
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alkali,  which  would,  if  present,  prevent  the  develop- 
ment of  the  Prussian  blue. 

(ii)  Sulphocyanide  test.  —  This  consists  in  the 
conversion  of  the  hydrocyanic  acid  into  ferric  sulpho- 
cyanide, which  is  of  a  deep  blood-red  colour.  This 
conversion  is  effected  by  adding  to  the  hydrocyanic 
acid,  solution  of  ammonia  and  then  a  few  drops  of 
yellow  ammonium  sulphide,  and  evaporating  the  mix- 
ture to  a  low  bulk ;  to  the  concentrated  liquid  hydro- 
chloric acid  and  ferric  chloride  are  then  added,  when 
the  deep  blood-red  colour  of  ferric  sulphocyanide  is 
produced.  The  solution  of  ammonia  converts  the 
hydrocyanic  acid  into  ammonium  cyanide. 


HCy    +    NHg    =  NH^Cy 

Hydrocyanic       Ammouia.  Ammonium 
acid.  cyanide. 

The  free  sulphur  contained  in  the  yellow  ammo- 
nium sulphide  then  converts  this  ammonium  cyanide 
into  ammonium  sulphocyanide. 

2NH.,Cy     +     S3     =  2NH4CyS 

Ammonium  Sulpliur.  Ammonium 

cyanide.  sulphocyanide. 

This  sulphocyanide,  on  the  addition  of  ferric 
chloride,  forms  the  blood-red  ferric  sulphocyanide. 
The  hydrochloric  acid  is  merely  added  to  neutralise 
any  excess  of  ammonia  that  may  be  present,  which 
would  otherwise  prevent  the  formation  of  the  ferric 
sulphocyanide. 


Fe^Clo    +    GNH^CyS  = 

reri'ic  Ammonium 
chloride.  sulphocyanide. 


Fe.2(CyS)e    +  6NH^C1 

Ferric  Ammonium 
sulphocyanide.  chloride. 


Potassium  ferricyanide  (KgFeoCyjo). — This 
is  prepared  from  potassium  ferrocyanide  by  raising 
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the  iron  from  the  ferrous  state,  in  which  it  exists  in 
the  ferrocyanicle,  into  the  ferric  state,  in  which  it 
exists  in  the  ferricyanide  ;  this  is  most  conveniently 
effected  by  passing  chlorine  into  a  solution  of  potas- 
sium ferrocyanide. 

2K.,FeCy6    +    Clg    =    KeFegCyio    +  2KC1 

Potessium  Chlojnne.  Potassium  Potassium 

ferrocyanide.  ferricyanide.  chloride. 

Properties. — Potassium  ferricyanide  occurs  in 
reddish-brown  crystals,  and  is  commonly  known  as  red 
prussiate  of  jjotash.  With  a  solution  of  a  ferrous  salt 
potassium  ferricyanide  gives  a  dark  blue  precipitate  of 
TurnhulVs  blue.  With  ferric  salts  it  gives  no  precipi- 
tate at  all,  but  merely  a  dark  olive-green  colour,  and 
hence  it  is  readily  distinguished  from  potassium 
ferrocyanide,  which  with  ferric  chloride  gives  a  dark 
blue  precipitate  of  Prussian  blue. 

Alcoholic  Cyanides. 

ITIethy]  cyanide  (CHgCN).  —  This  alcoholic 
cyanide  is  prepared  by  distilling  the  potassium  salt  of 
methyl  sulphuric  acid  with  potassium  cyanide. 

KCH3SO4    4-    KOlSr    =    CH3CN    -I-  K2SO4 

Potassium  Potassium  Methyl  Potassium 

methyl  sulphate.  cyanide.  cyanide.  sulphate. 

Ettayl  cyanide  (CgH^CN). — This  is  prepared  in 
a  similar  manner  to  the  above  by  distilling  the  potas- 
sium salt  of  ethyl  sulphuric  acid  with  potassium 
cyanide. 


KC.2H5SO^   +    KCN    =  + 

Potassium  Potassium  Ethyl  Potassium 

ethyl  sulphate.  cyanide.  cyanide.  sulphate. 
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Cyanates  and  Sulphocyanates. 

Potassinin  cyanate  (KCNO).— This  may  be 
prepared  by  exposing  fused  potassium  cyanide  for 
some  time  to  the  air,  when  oxygen  is  absorbed  and  the 
cyanate  formed  \  or  it  may  be  prepared  by  dropping  a 
metallic  oxide,  such  as  lead  oxide,  into  the  fused 
potassium  cyanide  ;  the  latter  unites  with  the  oxygen 
of  the  lead  oxide,  forming  potassium  cyanate,  and  the 
metal  lead  is  set  free. 

Animoniiiin  cyanate  (NH,^CNO). — This  salt 
is  prepared  by  mixing  solutions  of  potassium  cyanate 
and  ammonium  sulphate,  when  double  decomposition 
takes  place. 

2KCN0  +  (NH^)2S0.t  =  2NH,^CN0  +  K^SO^ 

Potassium  Ammonium  Ammonium  Potassium 

cyanate.  sulpliate.  cyauate.  sulphate. 

Alcohol  is  then  added  to  precipitate  the  potassium 
sulphate,  leaving  the  ammonium  cyanate  in  solution. 
This  salt  is  of  interest  as  its  isomer  urea  (CH^NjO) 
can  be  prepared  from  it.  The  conversion  of  ammonium 
cyanate  into  urea  is  effected  by  simply  evaporating  its 
solution  to  dryness  on  the  water-bath,  when  urea  is 
left ;  the  temperature  of  boiling  water  is  therefore 
sufficient  to  change  ammonium  cyanate  into  urea. 
The  urea,  in  its  turn,  may  be  reconverted  into  ammo- 
nium cyanate  by  raising  it  to  a  dull  red  heat,  when 
ammonia  gas  is  evolved  and  cyanuric  acid  formed. 

SCH^NgO     =     H3C3N3O3     +  3NH3 

Urea.  Cyauuric  acid.  Ammonia. 

If  the  cyanuric  acid  be  more  strongly  heated,  it 
splits  up  into  cyanic  acid,  which  distils  over. 
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H0C3N3O3     =  3HCN0 

Cyauuric  Cyanic 
acid.  acid. 

If  the  cyanic  acid  is  neutralised  with  ammonia, 
ammonium  cyanate  is  reproduced. 

Potassium  snipliocyanate  or  sulpliocy- 
aiiide  (KCNS). — This  may  be  prepared  by  fusing 
together  potassium  ferrocyanide  and  sulphur. 

K^FeCye    +    SS,    =    4KCyS    +  Fe(CyS)3 

Potassium  Sulphur.  Potassium  Ferrous 

ferrocyanide.  sulphocyanide.  sulphocyanide. 

The  fused  mass  is  then  boiled  with  water  and 
potassium  carbonate  added  to  convert  the  ferrous 
sulphocyanide  into  potassium  sulphocyanide  and 
ferrous  carbonate,  the  latter  being  precipitated. 


Fe(CyS)2    +  K^COg 

Ferrous  Potassium 
sulphocyanide.  carbonate. 


=    2KCyS    +  FeCOg 

Potassium  Ferrous 
sulpliocyanide.  carbonate 


The  soluble  sulphocyanides  may  also  be  prepared 
by  direct  union  of  the  soluble  cyanides  and  sulphur, 
as  in  the  sulphocyanide  test  for  hydrocyanic  acid  (see 
page  392).  Potassixim  sulphocyanide  is  present  in 
minute  quantities  in  the  saliva  of  man. 

Test. — Potassium  sulphocyanide  gives  with  ferric 
chloride  a  deep  blood-red  colour.  This  colour  is  not 
discharged  on  the  addition  of  strong  hydrochloric 
acid,  being  thus  distinguishable  from  the  blood-red 
colour  given  by  ferric  chloride  with  an  acetate  ;  the 
colour  of  ferric  acetate  being  discharged  by  strong 
hydrochloric  acid  {see  page  422).  The  colour  of  ferric 
sulphocyanide  is  discharged  on  the  addition  of  a 
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solution  of  mercuric  chloride,  and  in  this  way  it  is 
distinguished  from  the  blood-red  colour  given  by 
ferric  chloride  with  meconic  acid  or  a  meconate ;  the 
red  colour  of  ferric  meconate  not  being  discharged  by 
mercuric  chloride  (see  page  447). 
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CHAPTER  VI. 

ALCOHOLS  AND  THEIR  DERIVATIVES. 

1.  Monatomic  Alcohols — Methyl  Alcohol — Methyl  Compounds 
—Ethyl  Alcohol— Ethyl  Compounds— Ether— Chloral— Chlo- 
roform— Iodoform — Propyl  Alcohol — Butyl  Alcohol — Amyl 
Alcohol  —  2.  Diatomic  Alcohols  —  Ethene  Glycol  —  3. 
Triatomic  Alcohols — Glycerine. 


1.  Monatomic  Alcohols. 

These  are  the  hydrates  of  the  univalent  hydro- 
carbon radicals,  and  therefore  contain  in  the  molecule 
only  one  equivalent  of  hydroxyl.  The  alcohols  of 
piincipal  medical  importance  are  those  containing  the 
radicals  (C„H2„+i)  homologous  with  methyl. 

The  principal  members  of  this  series  are  : 

Methyl  alcohol  CH3HO. 

Ethyl       „  C2H5HO. 

Propyl      „  C3H7HO. 

Butyl       „  C4HgH0. 

Amyl       „  CgHjiHO. 

Another  nomenclature  for  these  alcohols  is  that  of 
designating  methyl  alcohol  as  carhinol,  and  the 
alcohols  formed  by  successive  substitution  of  methyl, 
ethyl,  etc.,  for  an  atom  of  hydrogen  in  the  carbinol, 
are  then  named  according  to  the  radicals  which  they 
contain.    Thus : 

Carbinol  or  methyl  alcohol  CH3.  HO. 

Methyl  carhinol  or  ethyl  alcohol  CH2(CH3).  HO. 

Ethyl  carbinol  or  propyl  alcohol  CHo^CgHg).  HO. 

Propyl  carbinol  or  butyl  alcohol  CH2(C3H7).  HO. 

Butyl  carbinol  or  amyl  alcohol  CH2(C4H9).  HO. 
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The  graphic  formula  of  butyl  alcohol  may  be 
constructed  in  three  different  ways,  according  as  the 
carbon  atom  in  union  with  the  hydroxyl  is  directly 
united  with  one,  two,  or  three  other  carbon  atoms. 
These  are  the  primary,  secondary,  and  tertiary  butyl 
alcohols.    Thus  : — 

H 

I 

H— C— H  H 

I  I 
H— C— H  H— G— H 

I  I 
H— 0— H  H— C— H  CH3 

H— C— H       H,C~C— H       H.,C— C— CH, 

I  I  I 

HO  HO  HO 

Primiiry  butyl  alcohol.  Secondary  butyl  alcohol.  Tertiary  butyl  alcohol. 


Thus,  a  primary  alcohol  is  one  in  which  the  carbon 
atom  in  union  with  the  hydroxyl  is  only  directly 
united  with  one  other  carbon  atom  ;  a  secondary 
alcohol  is  one  in  which  the  carbon  atom  in  union  with 
the  hydroxyl  is  directly  united  with  two  other  carbon 
atoms ;  a  tertiary  alcohol  is  one  in  which  the  carbon 
atom  in  union  with  the  hydroxyl  is  directly  united 
with  three  other  carbon  atoms. 


Alcohols   OF  THE   (O^HjQ^i)  OR 
Methyl  Series. 

methyl  alcohol  and  methyl  compounds. 

Methyl  alcohol  (CH3HO).— This  alcohol  may 
be  prepared  from  methane  or  marsh  gas  (CH4)  by 
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acting  on  it  with  chlorine  to  form  methyl  chloride 
(CHgCl)  ;  if  this  is  decomposed  with  moist  silver  oxide, 
methyl  alcohol  is  produced. 

2CH3CI  +  AgoO  +  HoO  =  2CH3HO   +  2AgCl 

Methyl  Silver  Water.  Methyl  Silver 

chloride.  oxide.  alcohol.  chloride. 

Pure  methyl  alcohol  may  also  be  prepared  from  the 
oil  of  lointer  green,  which  is  pure  methyl  salicylate ; 
by  distilling  this  with  caustic  potash  or  soda  methyl 
alcohol  is  obtained.  Impure  methyl  alcohol,  commonly 
known  as  ivood  spirit  or  wood  naphtha,  is  obtained  by 
thediy  or  destructive  distillation  of  wood  (see  page  420) ; 
10  per  cent,  of  this  wood  spirit  mixed  with  rectified 
spirits  forms  the  ri%ethylated  spirit  of  commerce. 

Properties.— Methyl  alcohol  is  a  colourless, 
inflammable  liquid ;  it  produces  carbon  dioxide  and 
water  when  burnt.  In  the  pure  state  it  is  free  from 
the  disagreeable  smell  possessed  by  wood  spirit. 
Methyl  alcohol  is  converted  by  oxidation  into  formic 
acid  ;  this  oxidation  may  be  effected  eithej*  by  drop- 
ping methyl  alcohol  on  to  platinum  black,  the  occluded 
oxygen  of  which  oxidises  the  alcohol,  or  by  distillation 
with  potassium  bichromate  and  sulphuric  acid. 

CH3HO     +02    =    HCHO2    +  H3O 

Methyl  Oxygen.  Formic  Water, 

alcohol.  acid. 

The  test  for  methyl  alcohol  is  to  convert  it  by  the 
last-mentioned  process  into  formic  acid  (for  the  detec- 
tion of  which  see  page  419). 

Methyl  chloride  (CH3CI).— This  may  be  pre- 
pared by  exposing  equal  volumes  of  methane  and 
chlorine  to  sunlight  (see  page  369).  It  may  also  be  pre- 
}>ared  by  the  action  of  phosphorous  chloride  on  methyl 
alcohol. 
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3CH3HO    +    PCI3    =    3CH.,C1    +  H3PO3 

Methyl  Phosphorous  Methyl  Phosiihoroua 

alcohol.  chloride.  chloride.  acid. 

Methyl  iodide  (CH3I). — This  is  prepared  by  the 
action  of  phosphorus  tri-iodide  on  methyl  alcohol. 

3CH3HO    +    PT3    =    3OH3I    +  H3PO3 

Methyl  Phosphorous        Methyl  Phosphorous' 

alcohol.  iodide.  iodide.  ;acid. 

Methyl  oxide,  or  methyl  ether  ((CH3).,0). — 
This  is  prepared  by  heating  a  mixture  of  equal  volumes 
of  methyl  alcohol  and  strong  sulphuric  acid,  when  it 
passes  over  as  a  colourless  gas. 

Methyl  sulphuric  acid  (HCHgSO^).— This  is 
prepared  by  the  action  of  sulphuric  acid  on  methyl 
alcohol,  with  moderate  heat. 

Methyl  mereuptan,  or  methyl  hydro- 
sulphi<le  {CH3HS). — This  is  prepared  by  distilling 
a  mixtui'e  of  potassium  hydrosulphide  and  calcium 
methylsulphate. 

Dimcthyl-ketoue,  or  acetone  (CH3  — CO  — 
CH3). — This  ketone  is  prepared  by  the  action  of  dry 
heat  on  any  metallic  acetate. 

2NaaH303  =  NagCOa  +  CH3-CO-CH3 

Soiium  Sodium  Acetone, 

acetate.  carbonate. 

It  may  also  be  prepared  by  the  action  of  sodium 
methide  on  carbonyl  chloride. 

CI  -  CO  -  CI  +  2NaCH3  =  2NaCl  +  CH3  -  CO  -  CH3 

Carbonyl  Sodium         Sodium  Acetone, 

chloride.  methide.  chloride. 
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Ethyl  Alcohol  and  Ethyl  Compounds. 

Ethyl  alcohol  (aHjHO).— This  constitutes  the 
ordinary  alcohol  of  commerce,  as  contained  in  proof 
spirit,  rectified  spirit,  absolute  alcohol,  wines,  and 
beei-s.  It  may  be  prepared  by  a  synthetical  process, 
which  is  of  interest  as  showing  the  building  up  of  the 
alcohol  from  its  elements.  To  effect  this,  acetylene  is 
first  prepared  by  direct  union  of  its  elements,  by  the 
production  of  the  electric  arc  in  an  atmosphere  of 
hydrogen  ;  the  acetylene  (CgHg)  is  then  converted 
into  ethylene  by  passing  it  through  an  alkaline  mix- 
ture generating  nascent  hydrogen,  such  as  zinc  and 
ammonia  solutions. 

CgHo      +      Ho      =  ^2-^4 

Acetylene.  Hydrogen.  Ethylene. 

The  ethylene  is  then  agitated  with  strong  sulphuric 
acid,  which  converts  it  into  ethyl  sulphuric  acid. 

C2H4    +     H2SO4    =  HC2H5SO4 

Ethylene.  Sulphuric  Ethyl  sulphuric 

acid.  acid. 

'  The  ethyl  sulphuric  acid,  if  distilled  with  water,  yields 
I  ethyl  alcohol  as  a  distillate. 

Ethyl  sulphuric        Water.  Ethyl  Sulphuric 

acid.  alcohol.  acid. 

The  various  forms  of  ethyl  alcohol  met  with  in 
<  commerce  are  obtained  by  the  fermentation  of  sugar 
lunder  the  influence  of  the  yeast  or  diastase  ferments, 
llf  a  solution  of  ordinary  sugar  (GjoHooOjj)  is  mixed 
iwith  yeast,  and  the  mixture  kept  in  a  covered  vessel 
A  A— 32 
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iu  a  warm  place,  the  cane  sugar  is  first  conveiiied  into 
glucose. 

Cane  sugar.  Water.  Glucose. 

The  glucose  is  then  decomposed,  by  the  fermentative 
action  of  the  yeast,  into  alcohol  and  carbon  dioxide, 
small  quantities  of  other  bodies  (such  as  glycerine, 
succinic  acid,  etc.)  also  being  produced. 

CeHioOg    =    2C2H6O    +  2CO2 

Glucose.  Ethyl  Carbon 

alcohol.  dioxide. 

When  the  fermentative  process  is  finished,  the 
alcohol  is  obtained  in  a  weak  state  from  the  mixture 
by  distillation.  This  weak  spirit  is  then  strengthened 
by  the  process  known  as  fractional  distillation,  which 
consists  in  distilling  it  in  portions,  the  greater  quantity 
of  the  alcohol  being  contained  in  the  first  distillate.  It 
is  not  possible  to  remove  all  the  water  by  the  process 
of  fractional  distillation  ;  the  strongest  spirit  that  can 
be  so  obtained  is  rectified  spirit,  which  contains  1 6  per 
cent,  of  water.  To  prepare  absolute  alcohol  from  this, 
that  is,  alcohol  quite  free  from  water,  the  rectified 
spirit  is  mixed  with  well-burnt  lime,  and  allowed  to 
stand  for  souie  hours.  The  lime  unites  with  the 
water,  forming  slaked  lime,  and  the  pure  or  absolute 
alcohol  can  then  be  obtained  by  distillation.  In  the 
preparation  of  malt  alcoholic  liquors  (beer,  stout,  and 
porter),  the  ferment  diastase,  which  is  contained  in 
malted  grain,  is  employed  in  place  of  yeast  to  produce 
the  alcoholic  fermentation.  Starch,  as  contained  in 
grain,  is  employed  in  place  of  sugar  in  the  preparation 
of  this  and  some  other  alcoholic  liquids,  the  starch 
being  converted  by  the  action  of  the  ferment,  firstly, 
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into  dextrin,  then  into  glucose,  which  substance  finally 
undergoes  the  alcoholic  fermentation. 

Properties.— Ethyl  alcohol  is  a  colourless  liquid 
with  a  faint  pleasant  smell,  and  is  readily  inflammable, 
pi'oducing,  when  burnt,  carbon  dioxide  and  water. 
Proof  spirit  contains  49  per  cent,  of  alcohol,  and  is  of 
sp.  gr.  0'920.  Rectified  spirit  contains  84  per  cent, 
of  alcohol,  and  is  of  sp.  gr.  0'838.  Absolute  alcohol 
contains  no  water,  and  is  of  sp.  gr.  0'793.  The 
various  wines  and  beers  met  with  in  commerce 
contain  difierent  amounts  of  alcohol,  as  shown  in  the 
following  table  : 

From  40  to  50  per  cent. 

About  18  per  cent. 
Atout  12  per  cent. 
From  8  to  12  per  cent. 
From  3  to  8  per  cent. 

By  the  oxidation  of  alcohol  two  bodies  are 
obtained,  according  to  the  strength  of  the  oxidising 
agent  employed.  If  the  oxidising  agent  be  a  weak 
one,  ethyl  aldehyde  (CgH^O)  is  produced.  If  the 
oxidising  agent  be  a  strong  one,  acetic  acid  (CgH^O^) 
is  produced.  Thus,  by  distilling  ethyl  alcohol  with 
manganese  dioxide  and  sulphuric  acid,  ethyl  aldehyde 
is  formed,  the  action  of  this  weak  oxidising  mixture 
being  merely  to  abstract  two  atoms  of  hydrogen  from 
the  alcohol  molecule. 

2C2H6O    +    02    =    2aH40    +  2H2O 

Ethyl  OxyKeii.  i^thyl  Water, 

alcohol.  aldehyde. 

If  the  alcohol  be  distilled  with  potassium  bichro- 
mate and  sulphuric  acid,  then  the  action  of  this  more 


Brandy  ) 
Gin  [ 
Whisky  ) 
Port  ) 
Sherry  j 
Champagne 
aaret  ) 
Hock  i 
Beer  
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powerful  oxidising  mixture  is  not  only  to  abstract  two 
atoms  of  hydrogen  from  the  molecule,  but,  in  addition, 
to  replace  them  by  one  atom  of  oxygen,  thus  forming 
acetic  acid. 

Ethyl  Oxygen,  ilcetic  Water, 

alcohol.  acid. 

The  metals  potassium  and  sodium  act  on  ethyl 
alcohol,  displacing  one  atom  of  hydrogen  from  the 
molecule,  and  forming  respectively  potassium  ethylate 
(CgHgKO)  and  sodium  ethylate  (CgHgNaO),  the  latter 
being  sometimes  employed  as  a  caustic.  If  chlorine 
gas  be  passed  into  rectified  spirit,  a  variety  of  bodies 
may  be  produced : 

(i)  Aldehyde  may  be  formed  by  the  direct  with- 
drawal of  hydrogen  by  the  chlorine. 

CoHgO    +    CI2    =    C2H4O    +  2HC1 

Ethyl"  Chlorine.  Ethyl  Hydi-ochloric 

alcohol,  aldehyde.  acid. 

(ii)  Chloral  may  be  formed  by  the  further  action 
of  the  chlorine  on  this  aldehyde. 

CjH^O    +    3CI2    =    C2HCI3O    +  3HC1 

Ethyl  Chlorine.  Chloral.  Hydrochloric 

aldehyde.  acid. 

(iii)  Ethyl  chloride  may  be  formed  by  the  action 
of  the  hydrochloric  acid,  produced  in  the  former 
reactions,  upon  some  of  the  undecomposed  alcohol. 

C3H5HO  +          HCl         =         C2H5CI         +  HgO 

"Ethyl  Hydrochloric  Ethyl  Water, 

alcohol.  acid.  chloride. 

(iv)  Acetic  acid  may  be  produced  by  the  oxida- 
tion of  some  of  the  alcohol  by  oxygen,  this  gas  being 
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liberated  by  the  action  of  chlorine  on  the  water  con- 
tained in  the  rectified  spirit. 

CoHeO    +    Oo    =    an^Og    +  HgO 

Ethyl  Oxygen.  Acetic  Water 

alcohol.  acid. 

(v)  Finally,  ethyl  acetate  or  acetic  ether  may  be 
formed  by  the  action  of  the  acetic  acid,  produced  in 
the  former  reaction,  upon  some  undecomposed  alcohol. 

Ethyl  Acetic  Ethyl  acetate.  Water, 

alcohol.  acid. 

Ethyl  Compounds. 

Ethyl  chloride  (C^HjCl). — This  is  prepared  by 
the  action  of  phosphorus  trichloride  on  ethyl  alcohol. 

3C3H5HO    +    PCI3    =    3C3H5CI    +  H3PO3 

Ethyl  Phosphorus  Ethyl  Phosphorous 

alcohol.  trichloride.  chloride.  acid. 

Ethyl  io4lide  (C3H-I). — This  is  prepared  by  the 
action  of  phosphorus  tri-iodide  on  ethyl  alcohol. 

3C.3H5HO        +        PI3        =        3C2H5T         +  HgPOg 

Ethyl  Phosphorus  Ethyl  Phosphorous 

alcohol.  tri-iodide.  iodide.  acid. 

Ethyl  ether  ( (03115)20).  —  This  is  commonly 
known  as  etlier  or  sulphuric  ether.  It  is  the  oxide  of 
ethyl,  but  the  process  for  its  preparation  will  be 
rendered  more  intelligible  by  regarding  it  as  ethyl 
alcohol  partially  dehydrated.  Thus,  if  from  two 
molecules  of  ethyl  alcohol  one  molecule  of  water  be 
abstracted,  ether  is  obtained. 
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2C2H,0    -    H,0    =  (aH5)„0 

Ethyl  Water.  fethyl" 

alcohol  ether. 

The  process  for  preparing  ether  on  a  commercial 
scale,  which  is  known  as  the  continuous  etlierijica- 
tion  process,  consists  in  partially  dehydrating  ethyl 
alcohol  by  means  of  strong  sulphuric  acid.  This  pro- 
cess is  carried  out  by  distilling  a  mixture  of  sulphuric 
acid  and  rectified  spirit,  the  latter  being  in  excess. 
The  ether,  as  it  is  formed,  distils  over,  the  sulphuric 
acid  remaining  in  the  retort,  and  therefore,  to  pre- 
vent the  sulphuric  acid  from  becoming  in  excess,  it  is 
necessary  that  as  fast  as  the  ether  distils  over  more 
alcohol  should  be  run  into  the  retort.  If  this  is 
effected  the  process  becomes  a  continuous  one ;  hence 
its  name.  The  sulphuric  acid  does  not  directly  with- 
draw the  water  from  the  alcohol,  but  indirectly,  in 
the  two  following  stages  : 

(i)  The  sulphuric  acid  first  forms  with  the 
alcohol  sulphethylic  acid. 

C2H5HO    +    H2SO4    =    HCoH.SO^    +  H.O 

Ethyl  Sulphuric  Sulphethylic  Water, 

alcohol*  acid.  acid. 

(ii)  This  sulphethylic  acid  then  reacts  with  more 
alcohol,  forming  ether  and  sulphuric  acid. 

CoH,HO  +  HCsH.SO.,  =  (CoH,).0  +  H.SO, 

"Ethyl  Sulphethylic  fether.  Sulphuric 

alcohol.  acid.  acid. 

It  is  essential,  for  the  production  of  ether  by  this 
process,  that  the  alcohol  should  be  kept  in  excess ; 
otherwise,  if  the  sulphuric  acid  become  in  excess,  it 
will  first  completely  dehydrate  the  alcohol,  forming 
ethylene  or  olefiant  gas. 
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CHgO    -    H2O    =  CjH^ 

fithyl  Water.  Ethylene, 

alcohol. 

And,  secondly,  if  the  sulphuric  acid  accumulate  in 
great  excess,  it  will  then  act  on  the  alcohol  as  upon 
an  ordinary  hydrate,  producing  an  impure  ethyl  sul- 
phate (the  old  oil  o/tvine). 

2O2H5HO  +  H.SO^  =:  (GJi,)^80i  +  2H,0 

Ethyl  Sulphuric  Ethyl  Water, 

alcohol.  acid.  sulphate. 

Properties  of  ether. — The  ether  obtained  by 
the  process  just  given  contains  about  8  per  cent,  of 
alcohol,  from  which  it  can  be  purified  by  agitating 
with  water ;  on  standing,  the  ether  rises  to  the 
surface  of  the  water,  leaving  the  alcohol  in  solution; 
the  ether  is  then  removed  from  the  surface  of  the 
water,  and  distilled  with  some  well-burnt  quicklime 
to  free  it  from  the  little  water  that  it  contains. 

Pure  ether  is  a  colourless,  transparent,  very  mobile 
liquid,  with  a  characteristic  fragrant  smell,  and 
extremely  volatile.  Its  specific  gi-avity  is  0*720.  It 
is  very  combustible,  producing  carbon  dioxide  and 
water  when  burnt.  When  dropped  on  the  hand  it 
occasions  a  sharp  sensation  of  cold  from  its  rapid 
evaporation.  Ether  is  miscible  with  alcohol  in  all 
proportions,  but  in  water  it  dissolves  to  a  very  small 
extent  only.    It  dissolves  fats  and  oils  generally, 

Ethyl  nitrite  or  nitrous  ether  (CjHjISrOo). — 
In  the  pure  state  this  may  be  made  by  the  action  of 
nitrous  anhydride  on  absolute  alcohol. 


2C2H5HO     -f    N3O3  = 

Ethyl  Nitrous 
alcohol.  ;anh.ydride. 


2C3H5NO2  +  H2O 
Ethyl  Water, 
nitrite. 
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Mixed  with  aldehyde,  alcohol  and  other  substances, 
it  is  contained  in  Sweet  Spirits  of  'N itr e{Spiritusa;theris 
nitrosi,  B.  P.),  which  contains  10  per  cent,  of  nitrous 
ether.  This  preparation  is  made  by  distilling  together 
rectified  spirit,  copper  turnings,  sulphuric  acid  and 
nitric  acid.  The  copper  reduces  the  nitric  acid  to 
nitrous  acid. 

HNO3    +    Cu    =    HNO3    +  CuO 

Nitric  Copper.  Nitrous  Copper 

acid.  acid.  oxide. 

The  nitrous  acid  then  acts  upon  the  alcohol,  form- 
ing nitrous  ether. 

CgH-HO    +    HNO3    =    CoH-NOo    +  H2O 

"Etiiyl  Nitrous  Nitrous  Water, 

alcohol.  acid.  ether. 

The  function  of  the  sulphuric  acid  is  merely  to 
unite  with  the  copper  oxide  and  to  prevent  its  union 
with  some  of  the  nitric  acid. 


CuO    +    HoSO^    =    CuSOj    +  HoO 

Copper  Sulphuric  Copper  Water, 

oxide.  acid.  sulphate. 

The  preparation  of  nitrous  ether  by  this  process 
constitutes  a  fairly  good  test  for  alcohol,  the  peculiar 
apple-like  odour  of  nitrous  ether  being  readily  recog- 
nised. 

Ethyl  acetate  or  acetic  ether  (CgHjCjHgO,). 
— This  is  prepared  by  distilling  rectified  spirit  with 
sodium  acetate  and  sulphuric  acid.  The  two  latter 
bodies  set  free  acetic  acid,  which  then  immediately 
acts  upon  the  alcohol  producing  acetic  ether.  . 
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C2H5HO      +      HaHgO,     =     C2H5C2H3O2     +  H2O 

"Ethyl  Acetic    "  "    Ethyl  Water, 

alcohol.  acid.  acetate. 

Ethyl  oxalate  or  oxalic  ether  ((CoH5)2C20^). 
— This  is  prepared  by  distilling  a  mixture  of  ethyl 
alcohol,  potassium  oxalate  and  sulphuric  acid.  The 
oxalic  acid  set  free  by  the  action  of  the  sulphuric  acid 
on  the  oxalate  unites  with  the  alcohol  to  form  oxalic 
ether. 

2C2H5HO  +  HoCO^  =  (C2H5)2C304  +  2H2O 

Ethyl  dxafio  Ethyl  Water, 

alcohol.  acid.  oxalate. 

Snlphethylic  acid   or    sulphovinic  acid 

(HC2H5SO4)  is  prepared  by  warming  a  mixture  of 
equal  parts  of  ethyl  alcohol  and  sulphuric  acid. 

CjH-HO    +    HgSO^    =    HCgH-SO^    +  H2O 

'Ethyl  Sulphviric  SulphetLylic  Water, 

alcohol.  acid.  acid. 

Ethyl  hydi-osulphide  or  ethyl -in ercap tail 

(C2H5HS). — This-  is  prepared  by  distilling  a  mixture 
of  potassium  hydrosulphide  and  calcium  ethyl 
sulphate. 

Ca(C2H5S04)2    +    2KHS    =    2O2H5HS  + 

Calcium      "  Potassium  Ethyl 

ethylsulphate.  hydrosulphide.  mercaptan. 

CaSO,    +  K2SO4 

Calcium  Potassium 
sulphate.  sulphate. 

It  is  a  liquid  with  an  extremely  unpleasant 
nauseating  odour. 
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Ethyl    aldehyde    or    ordinary  aldehyde 

(CoHj^O). — This  body  is  also  known  as  acetic  aldehyde. 
It  may  be  prepared — 

(i)  By  the  oxidation  of  ethyl  alcohol  by  means  of 
manganese  dioxide  and  sulphuric  acid. 


2Mn02  + 

Manganese 
dioxide. 


2H2SO^ 

Sulphuric 
acid. 


2MnS0.t  + 

Mangauous 
sulphate. 


2H3O       +  Oo 
Water.  Oxygen, 


2C.,H(.0 

Ethyl 
alcohol. 


+       Oo  = 
Oxygen 


203^0 

Ethyl 
aldehyde. 


+ 


2H„0 

Water. 


(ii)  By  the  action  of  chlorine  upon  a  mixture  of 
ethyl  alcohol  and  water,  the  chlorine  uniting  with  the 
hydrogen  of  the  water,  the  oxygen  of  which  oxidises 
the  alcohol  to  aldehyde. 


2aH,.,0    +    Oo    =    2C0H4O    +  2HoO 

ifthy)  Oxygen.  E'thyl  Water, 

alcohol.  aldehyde. 


Properties. — Aldehyde  is  a  colourless  liquid 
Avith  a  peculiar  fragrant  smell.  Its  name  is  derived 
from  an  abbreviation  of  the  expression  alcohol  dehydro- 
(jenated,  as  it  is  alcohol  deprived  of  part  of  its 
hydrogen.  By  exposure  to  the  air  it  absorbs  oxygen 
and  becomes  converted  into  acetic  acid.  Chlorine 
acts  upon  it,  forming  chloral  {see  below).  A  polymeric 
modification  of  it,  viz.  paraldehyde  (CeHjoOj),  is  pre- 
pared by  adding  a  few  drops  of  concentrated  sulphuric 
acid  to  aldehyde,  when  the  liquid  becomes  hot,  and, 
on  cooling,  crystals  of  paraldehyde  form. 
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Ti-ichloraldeliyde  or  chloral  (CgHClgO). — 
This  body  constitutes  what  is  commonly  known  as 
chloral,  the  hydrate  of  which  is  chloral  hydrate,  a 
substance  largely  used  in  medicine  as  a  hypnotic. 
Chloral  is  prepared  by  the  prolonged  action  of  chlorine 
upon  absolute  alcohol.  The  reaction,  although  actually 
a  somewhat  complex  one,  may,  for  the  sake  of 
simplicity,  be  regarded  as  taking  place  in  the  two 
following  stages : 

(i)  Chlorine  fii'st  converts  the  alcohol  into 
kl  aldehyde. 

CaHfiO    +    CI3    =    O3H4O    +  2HC1 

Ethyl  Chlorine.  Ethyl  Hydrochloric 

alcohol  aldehyde.  acid. 

(ii)  The  chlorine  then  acts  upon  the  aldehyde, 
ii  abstracting  three-fourths  of  the  hydrogen,  replacing  it 
K\    by  chlorine,  and  so  producing  chloral. 

C2H4O    +    3CI2    =    C2HCI3O    +  3HC1 

Ethyl  Chlorine.  Chloral.  Hydrochloric 

aldehyde.  acid. 

Pi'operties. — Chloral  is  a  heavy  liquid,  with  an 
extremely  pungent,  irritating  odour.  It  is  converted 
by  the  action  of  alkalies  into  chloroform  and  a  formate 
of  the  alkali  metal.  Thus  with  caustic  potash  it 
yields  chloroform  and  potassium  formate. 


C2HCI3O    +    KHO    =    CHCI3    +  KCHO2 

Chloral.  Caustic  Chloroform.  Potassium 

potash.  formate. 


With  slaked  lime  it  yields  chloroform  and  calcium 
formate. 
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2C3HCI3O   +   Ca(H0)2  =  CHCI3   +  Ca(CH02), 

Chloral.  Slaked  Chloroform.  Calcium 

lime.  formate. 

J ust  as  aldehyde  is  oxidised  by  nitric  acid  to  acetic 
acid,  so  chloral  or  trichloraldehyde  is  oxidised  by 
nitric  acid  to  trichloracetic  acid,  thus : — 

2aH40    +    02    =  2HC2H3O2 

Aldehyde.  Oxygen,  Acetic 

acid. 

2C2HCI3O      +      O2     =  ■2HC2CI3O2 
Chloral.  Oxygen.  Trichloracetic 

acid. 

Chloral,  when  mixed  with  water,  produces  a 
crystalline  mass  of  chloral  hydrate. 

Chloral  liy<1ratc  (O2HCI3O,  H2O).— This  body, 
as  previously  mentioned,  is  prepared  by  the  action  of 
water  on  chloral.  It  is  a  white  crystalline  solid,  with 
a  very  faint  odour  of  the  liquid  chloral  attached  to 
it.  It  is  largely  used  in  medicine  as  a  hypnotic, 
and  has  been  stated  by  Liebriech  to  be  decomposed  by 
the  sodium  carbonate  of  the  blood  into  chloroform, 
though  it  is  very  doubtful  whether  such  a  decomposi- 
tion takes  place. 

Chloral  hydrate  is  decomposed  by  contact  with 
caustic  alkalies  into  chloroform  and  formate  of  the 
alkali  metal.  Chloral  hydrate  is  therefore  incom- 
patible with  alkalies,  and  should  never  be  prescribed 
with  them  in  medicine. 

Oliioroform  (CHCI3). — This  body  is  actually  a 
dei'ivative  of  methane  (CH^),  from  which  it  may  be 
obtained  by  the  action  of  chlorine  {see  page  369)  ;  but 
since  all  the  chloroform  of  commerce  is  prepared  by 
the  decomposition  of  chloral,  it  is  more  convenient 
to   describe  its  preparation  in  the  present  section. 
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Chloroform,  on  the  commercial  scale,  is  prepared  by 
distilling  a  mixture  of  rectified  spirit,  chlorinated  lime 
(bleaching  powder),  and  slaked  lime.  The  formation 
of  chloroform  takes  place  in  the  three  following 
stages  : — 

(i)  Some  of  the  oxygen  of  the  chlorinated  lime 
(CaClo,  CaClgOj)  oxidises  the  alcohol  to  aldehyde. 

CoHgO    +    0    =    C2H4O    +  HgO 

Ethyl  Oxygen.  Ethyl  Water, 

alcohol.  aldehyde. 

(ii)  The  aldehyde  is  then  converted,  by  some  of 
the  chlorine  of  the  chlorinated  lime,  into  chloral. 

C2H4O    +    3CI2    =    C3HCI3O    +  3HC1 

Aldehyde.  Chlorine.  Chloral.  Hydrochloric 

acid. 

(iii)  The  chloral  is  then  decomposed  by  the 
slaked  lime  into  chloroform  and  calcium  formate,  the 
chloroform  distilling  over. 

2C2HCI3O  +  Ca(H0)2  >  2CHCI3  +  Ca(CH02)2 

Chloral.  Slaked  Chloroform.  Calcium 

hme.  formate. 

Properties  of  chloroform.— The  sp.  gr.  of 

chloroform  is  1'5.  The  medicinal  chloroform  contains 
a  minute  amount  of  alcohol,  and  is  of  sp.  gr.  1  '4  97.  It 
is  a  thin,  colourless  liquid,  with  a  sweetish  taste  and  a 
pleasant  characteristic  odour.  It  is  readily  soluble  in 
alcohol  and  ether,  and  slightly  so  in  water  [Aqua 
chloroformi,  B.  P.).  It  is  difficult  to  kindle  and  burns 
with  a  greenish  smoky  flame. 

Iodoform  (CHI3). — This  body  is  analogous  in 
constitution  to  chloroform.  It  is  prepared  by  warming 
together  sodium  carbonate,  alcohol,  water,  and  iodine. 
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The  production  of  iodoform  constitutes  a  very  delicate 
test  for  alcohol.  Iodoform  occurs  in  yellow,  shiny 
scales,  almost  insoluble  in  water,  but  soluble  in  alcohol 
and  ether.  It  has  a  characteristic  penetrating  and 
somewhat  unpleasant  smell. 

Propyl  Alcohol. 

Propyl  alcohol  (C3H7HO).— This  alcohol  is 
contained  in  fusel  oil  of  brandy.  It  is  of  no  medical 
importance. 

Butyl  Alcohol. 

Butyl  alcohol  (C^HgHO).— This  may  be  pre- 
pared by  acting  on  butane  (C^H^q)  with  chlorine, 
which  forms  butyl  chloride,  and  then  decomposing  this 
chloride  with  moist  silver  oxide. 

2C^HoCl  +  Agp  +  =  2C4H9HO  +  2AgCl 

Butyl  Silver  Water.  Butjl  Silver 

cbloride.  oxide.  alcohol.  cliloride. 

Butyl  Chloral  (C^R-Cip  or  |  ^J^'^^^^.— A 

hydrate  of  this  body  is  used  in  medicine  under  the 
nauie  of  croton  chloral,  which  was  the  original  name 
erroneously  applied  to  it.  It  is  a  body  corresponding 
in  its  constitution  to  ordinary  chloral,  since  it  is  tri- 
chlor-butyl-aldehyde,  that  is,  it  is  butyl  aldehyde 
(QiHgO),  from  the  molecule  of  which  three  atoms  of 
hydrogen  have  been  displaced  by  three  atoms  of 
chlorine.  It  is  a  product  of  the  action  of  dry  chlorine 
on  ordinary  aldehyde  in  the  cold.  Its  hydrate, 
C4H.CI3O,  HoO  {Butyl  chloral  hydras,  B.  P.)  is  the 
ordinai'y  croton  chloral  used  in  medicine. 
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Amyl  Alcohol. 

Aniyl  alcohol  (a-HuHO).— This  body  (which 
derives  its  name  from  amylum — starch)  is  the  fusel 
oil  obtained  in  the  preparation  of  ordinary  alcohol 
from  the  different  forms  of  starch.  It  is  contained  in 
crude  or  raw  whisky,  but  the  sugar  obtained  from 
potato  starch  yields  a  more  considerable  amount,  and 
hence  this  alcohol  is  sometimes  called  potato  oil. 

Properties. — Amyl  alcohol  is  an  oily  colourless 
liquid  having  a  peculiar  unjileasant  odour.  It  is  not 
appreciably'  soluble  in  water,  but  floats  on  the  surface 
of  it  like  an  oil ;  hence  its  name  fusel  oil.  When 
oxidised  it  yields  valerianic  acid. 

Aniyl  uitrite  (CgHj^NO^). — This  compound  is 
jjrepared  by  a  process  similar  to  that  employed  in  the 
preparation  of  ethyl  nitrite,  namely,  by  distilling  a 
mixture  of  amyl  alcohol,  copper  turnings,  sulphuric 
anil  nitric  acids. 

Amyl  acetate  (CgH^^CgHgOg). — This  substance 
is  prepared  by  distilling  amyl  alcohol  with  sodium 
acetate  and  sulphuric  acid.  It  constitutes  the  jar- 
gonelle pear  essence. 

2.  Diatomic  Alcohols. 

These  are  hydrates  of  the  bivalent  hydrocarbon 
radicals,  and  therefore  contain  two  equivalents  of 
hydroxyl  in  the  molecule.  Several  of  them  exist 
under  the  name  of  glycols,  but  as  they  are  of  no  im- 
portance in  medicine,  a  brief  description  of  one  of 
them  only  will  be  given  here. 

Ethene  glycol  (GJIJ^O)^. — This  is  prepared 
by  acting  on  ethene  with  bromine  to  form  ethene 
dibromide  (CgH^Bro),  and  then  decomposing  this  with 
moist  silver  oxide. 
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C2H,Br2  +  AgoO  +  H3O  = 

Athene  Silver  Water, 

dibromide.  oxide. 


aH^(HO),  +  2AgBr 

Etheue  Silver 
glycol.  bromide. 


3.  Triatomic  Alcohols. 

These  are  the  hydrates  of  the  trivalent  hydro- 
cai-bon.  radicals,  and  therefore  contain  in  the  molecule 
three  equivalents  of  hydroxyl.  Only  one  of  them  is 
employed  in  medicine,  viz.  glycerine. 

Olyccrinc  or  gflyceryl  liyclrate  (C3H5(HO)3). 
— Glycerine  is  prepared  by  the  saponification  of  fats 
and  oils.  The  radical  glyceryl,  in  combination  with  the 
acidulous  radicals  of  the  higher  fatty  acids,  forms  most 
of  the  solid  fats  and  oils.  During  the  saponification  of 
olive  oil  (glyceryl  oleate)  with  caustic  soda,  glycerine 
is  obtained. 

C3H5(C,8H330o)3  4-   BNaHO  =   3NaCi8H3302  + 

Glyceryl  Sodium  Sodium 

oleate.  hydrate.  oleate. 

C3H,(HO)3 

Glycerine. 

Glycerine  is  more  conveniently  prepared  by  decom- 
posing melted  suet  (glyceryl  stearate)  by  means  of 
superheated  steam,  when  the  glycerine  and  stearic 
acid  are  carried  over  in  the  current  of  steam,  the 
stearic  acid  setting  to  a  solid,  and  the  glycerine, 
diluted  with  the  condensed  steam,  being  obtained  as  a 
liquid. 

C3H.(Ci8H3,03)3    +    3H3O    =    3HCi8H350„  + 

Glyceryl  Water.  Stearic 

stearate.  acid. 


C3H,(HO)3 

Glycerine. 
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Properties  of  glycerine.  —  Glycerine  is  a 
colourless  and  very  viscid  liquid  of  sp.  gr.  1'27.  It 
has  a  very  sweet  taste  and  mixes  with  water  in  all 
proj^ortions.  When  exposed  to  heat  it  decomposes, 
losing  the  elements  of  water  and  yielding  a  substance 
acrolein  (O3H4O),  which  has  an  intensely  pungent 
odour. 

Glycerine,  treated  with  a  mixture  of  strong 
nitric  and  sulphuric  acids,  forms  nitro-glycerhie 
(C3H5(N02)303),  a  heavy  oily  liquid,  which  produces 
by  percussion  a  terrible  explosion ;  on  account  of  its 
liquid  form  it  is  very  dangerous  to  handle,  and  is, 
therefore,  for  blasting  and  other  purposes,  made  into 
dynamite,  which  simply  consists  of  porous  silica,  in  the 
form  of  infusorial  earth,  saturated  with  nitro-glycerine. 
Ordinary  dynamite  usually  consists  of  75  parts  of 
nitro  glycerine  and  25  parts  of  silica.  Tablets  of 
chocolate  containing  y^th  of  a  grain  of  nitro-glycerine 
are  used  in  medicine  (Tabellce  nitro-glycerini,  B.  P.). 
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CHAPTER  VII. 

ORGANIC  ACIDS. 

1.  Monobasic  Organic  Acids — Formic  Acid— Acetic  Acid — Butyric 
Acid — Valerianic  Acid — Lactic  Acid — 2.  Dibasic  Organic 
Acids— Oxalic  Acid — Succinic  Acid — Malic  Acid — Tartaric 
Acid — 3.  Tribasic  Organic  Acids — Citric  Acid. 

These  are  compounds  containing  the  radical 
oxatyl  (COHO)  united  with  some  other  radical  ;  the 
simplest  radical  with  which  oxatyl  can  unite  is  hydro 

(  H 

gen,  as  in  the  case  of  formic  acid  j  qqjjq*  Th^ 

sei-ies  of  so-called  fatty  acids  are  produced  by  the 
union  of  the  hydrocarbon  radicals  of  the  methyl  series 
with  oxatyl,  e.g. — 

fCH,  rC^H,  (C,H,  jC.Hg  fC,Hii 
)  COHO   \  COHO    \  COHO   )  COHO    )  COHO 

Acetic  Proinoaic         Butyric        Valerianic  Caproic 

noid,  acid.  acicl.  acid.  acid. 

Monobasic  organic  acids  contain  one  equivalent  of 
oxatyl ;  dibasic  acids  two  equivalents  ;  tribasic  acids 
three  equivalents  \  and  so  on. 


1.  Monobasic  Organic  Acids. 

Formic  acid  (hCHOo  or  |  cOHo)  ""^^^^ 
acid  occurs  in  nature  in  red  ants  and  in  stinging 
nettles.  It  c;an  be  prepared  by  the  oxidation  of 
methyl  alcohol,  either  by  dropping  it  on  to  spongy 


Chap.  VIM 


Acetic  Acid. 


419 


platimim,  the  occluded  oxygen  of  which  oxidises  it  to 
t'oruiic  acid ;  or  by  distilling  methyl  alcohol  with 
potassium  bichromate  and  sulphuric  acid,  which  in 
presence  of  the  alcohol  evolve  oxygen,  with  formation 
of  potassium  and  chromium  sulphates. 


CH3HO     +     03    =    HCHO2    +  H2O 

Methyl  Oxygen.  Formic "  Water, 

alcohol.  acid. 


Properties  of  formic  acid. — A  clear,  colour- 
less liquid,  with  a  very  penetrating  odour ;  in  its  con- 
centrated state  it  produces  a  blister  when  painted  or 
rubbed  on  the  skin.  The  wheals  j^roduced  on  the  skin 
by  the  sting  of  the  stinging  nettles  are  due  to  the 
injection  beneath  the  skin  of  small  quantities  of  formic 
acid,  from  the  hair  of  the  stinging  glands  penetratiiig 
the  skin. 

Test  for  formic  acid. — A  solution  of  silver 
nitrate  is  reduced  to  the  metallic  state  on  warming 
with  formic  acid,  the  silver  forming  a  mirror-like 
deposit  on  the  sides  of  the  test-tube. 

Acetic  acid  (HCoHgOo,  or  |  ^^^q).— There 

are  two  principal  methods  by  which  acetic  acid  is 
made :  (i)  The  oxidation  of  alcohol ;  (ii)  the  dry 
or  destructive  distillation  of  wood.  Vinegar  is  obtained 
by  the  former  process;  pyroligneous  acid,  or  crude 
acetic  acid,  by  the  latter. 

Brovm  or  malt  vinegar  is  prepared  by  exposing 
beer,  mixed  with  a  little  yeast,  to  the  air ;  under  the 
influence  of  a  ferment,  mycoderma  aceti,  the  alcohol 
of  the  beer  becomes  oxidised  to  acetic  acid. 


CaHgO    H-    O2    =    HC2H3O2    -I-  HgO 

Alcohol.  Oxygen.  Acetic  acid.  Wafer. 
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The  vinegar  so  prepared  contains  about  5^  per  cent, 
of  acetic  acid ;  a  small  quantity  of  sulphuric  acid  is 
added  at  the  last  to  destroy  the  ferment,  and  so 
prevent  any  further  changes  from  taking  place  in  the 
vinegar.  It  is  to  this  develo[)ment  of  acetic  acid  that 
the  souring  of  l)eer  is  due  when  exposed  to  the  air. 

White-wine  vinegar  is  prepared  by  the  oxidation 
of  the  alcohol  contained  in  the  light  white  wines; 
the  oxidation  is  facilitated  by  allowing  the  wine  to 
trickle  over  the  surface  of  wood-shavings  contained 
in  towers  ;  in  this  way  the  alcohol  of  the  wine  becomes 
freely  exposed  to  the  action  of  the  oxygen  of  the 
air,  and  so  is  rapidly  converted  into  acetic  acid. 

Acetic  acid  may  be  prepared  from  ordinary  alcohol 
by  distilling  it  with  potassium  bichromate  and  sul- 
phuric acid ;  the  two  last-mentioned  bodies  liberate 
oxygen,  which  in  the  nascent  state  immediately 
oxidises  the  alcohol  to  acetic  acid,  which  then  distils 
over. 

Dry  or  destructive  distillation  of  wood. — Although 
wood  contains  no  acetic  acid,  yet  it  contains  the 
elements  necessary  for  the  formation  of  that  body, 
and  under  the  influence  of  dry  heat,  without  exposure 
to  air,  a  re-arrangement  of  the  elements  of  the  wood 
takes  place,  with  the  formation  of  several  fresh  bodies, 
amongst  which  is  acetic  acid.  This  process  is  the  dry 
or  destructive  distillation  of  wood,  and  if  the  products 
are  collected  in  different  portions,  as  they  distil  ovei', 
a  rough  separation  of  them  is  effected,  since  the  bodies 
with  low  boiling-points  wiU  distil  before  those  with 
higher  boiling-points.  Thus  the  first  portion  of  the 
distillate  fi*om  the  destructive  distillation  of  wood 
consists  of  impure  methyl  alcohol,  or  wood  spirit; 
lext  comes  over  impure  acetic  acid,  or  pyroligneom 
acid;  creasote  and  other  bodies  distil  over  afterwards ; 
and  lastly  wood  tar. 

To  obtain  pvire  acetic  acid  from  the  pyroligneous 
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acid,  the  latter  is  neutralised  with  sodium  carbonate 
to  form  sodium  acetate ;  the  solution  is  then  concen- 
trated by  evaporation,  and,  on  cooling,  crystals  of 
sodium  acetate  separate  out,  leaving  tarry  and  other 
impurities  in  the  mother  liquor.  The  crystals  of 
sodium  acetate  are  then  carefully  heated,  so  as  to 
expel  any  tar  carried  down  with  them,  and  the 
sodium  acetate  is  next  distilled  with  sulphuric  acid, 
when  pure  acetic  acid  will  be  obtained  as  a  distillate. 

2NaC2H303  +  HjSO^  =  2HC2H3O3  +  Na,S04 

SocUum  Sulphuric  Acetic  So(fium 

acetate.  acid.  acid.  sulphate. 

Properties  of  acetic  acid. — Acetic  acid  is  a 
clear,  colourless  liquid,  with  a  penetrating,  pleasant 
acid  odour,  and  an  acid  taste.  The  pure  acid  applied 
to  the  skin  produces  a  blister.  Ordinary  acetic  acid 
(Acichiin  aceticum,  B.  P.)  is  a  mixture  of  acetic  acid 
and  water,  containing  about  33  per  cent,  of  real  acid. 
Glacial  acetic  acid  (Acidum  aceticum  glaciale,  B.  P.) 
is  pure  acetic  acid,  and  solidifies  to  a  crystalline  mass 
at  temperatures  below  15  5°  C. 

Three  derivatives  of  acetic  acid  (chloracetic  acids) 
are  obtained  by  the  action  of  chlorine  on  acetic  acid, 
1,  2,  or  3  atoms  of  hydrogen  being  displaced  from  the 
acetic  acid  molecule,  according  to  the  amount  of 
chlorine  used.  The  acids  are  respectively  called 
monochloracetic  acid,  dichloracetic  acid,  and  trichlor- 
acetic acid. 

CH,         jCHjCl       (CHCl,  /CCl, 
COHO      \  COHO      ]  COHO     \  COHO 

Acetic  acid.     Monochloracetic   Dichloracetic  Trichloracetic 
acid.  acid.  acid. 

Trichloracetic  acid  is  used  as  a  delicate  test  for  the 
detection  of  albumen  in  urine. 
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Tests  for   acetic   acid    and  acetates.— 

(i)  If  an  acetate  is  boiled  with  sulphuric  acid,  the 
odour  of  acetic  acid  is  evolved. 

(ii)  If  an  acetate  is  boiled  with  sulphuric  acid 
and  alcohol,  the  sweet  smell  of.  ethyl  acetate  (acetic 
ether)  is  obtained. 

(iii)  If  ferric  chloride  is  added  to  a  solution  of  a 
neutral  acetate,  a  blood-red  colour  is  produced,  due  to 
the  formation  of  ferric  acetate  ;  the  colour  is  dischai'ged 
by  the  addition  of  strong  hydrochloric  acid. 

(iv)  If  a  dry  acetate  be  heated  in  a  test  tube, 
the  characteristic  odour  of  acetone  is  evolved  {see 
page  400). 

Butyric  acid  (HC^H^O,,  or  |  q'^q  ).— This 

acid  is  contained  in  human  perspiration,  and  is  also 
produced  when  butter  becomes  rancid.  It  can  be  pre- 
pared by  the  oxidation  of  butyl  alcohol,  by  distilling 
it  with  potassium  bichromate  and  sulphuric  acid. 

C^HyHO    +    02    =    HC^H^O,    +  HoO 

Butyl  alcohol.         Oxygen.  Butyric  ivcicf.  Water. 

Butyric  acid  can  also  be  obtained  from  lactic  acid  by 
a  fermentation  process  (see  page  424). 

Valerianic  or  valeric  acid  (HCjHgOo,  or 
f  C  H  \ 

I  COHO/' — ^^^^  ^^^^  obtained  by  the  oxidation 
of  auiyl  alcohol  or  fusel  oil,  by  distilling  it  with 
potassium  bichromate  and  sulphuric  acid. 

+   00  =  HCjHgOa  +  H.0 

Amyl  alooliol.        Oxygen.     Valerianic  acid.  Water. 

Test  for  valerianic  acid. — This  acid  is  dis- 
tinguished by  its  powerful  and  characteristic  smell, 
resembling  that  of  valerian  root. 
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Lactic  acid  (^HCgHjOa  or  |  ^2H4(HO)^  _ 

will  be  seen  from  the  formula  given  below  that  this 
acid  difters  from  propionic  acid  in  containing  one 
atom  of  oxygen  more;  it  is  therefore  oxypropionic 
acid,  and  can  be  prepared  by  the  substitution  of 
hydroxy!  (HO)  for  one  atom  of  hydrogen  in  propionic 
acid. 

COHO  \  COHO 

Pi'opionio  Lactic  or  oxypropionic 

acid.  acid. 

An  isomer  of  lactic  acid  is  the  sarcolactic  acid 
found  in  muscle. 

Preparation  of  lactic  acid. — This  acid  is 
best  obtained  by  the  process  known  as  the  lactic  acid 
fermentation  of  sugar,  which  is  effected  by  the  action 
of  the  ferment,  jjenicillium  glaucum,  on  either  glucose 
or  mUk  sugar.  Under  the  influence  of  this  ferment, 
both  these  sugars  split  up  into  lactic  acid  ;  the  glucose 
molecule  becoming  resolved  into  two  molecules  of 
lactic  acid,  thus  : — 

^'oH^jOg    =  203Hg03 

Glucose.  Lactic  acid  ; 

the  milk-sugar  molecule  becoming  in  its  tarn  resolved 
into  four  molecules  of  lactic  acid — 

Lactose  or  milk  Lactic 
sugar.  acid. 

The  production  of  lactic  acid  by  fermentation  is 
best  eflected  by  taking  a  mixture  of  sugar,  mouldy 
cheese  (the  mould  of  which  is  penicillium  glaucum), 
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chalk,  and  water,  and  leaving  the  mixture  for  some 
time  in  a  warm  place ;  the  lactic  acid  as  it  is  formed 
is  converted  by  the  chalk  into  calcium  lactate,  which 
is  deposited  as  a  crystalline  mass.  From  the  calcium 
lactate  the  lactic  acid  may  be  set  free  by  the  addition 
of  sulphuric  or  oxalic  acid  ;  on  filtering  from  the  in- 
soluble calcium  sulphate  or  oxalate,  and  evaporating 
the  filtrate,  the  lactic  acid  is  obtained  as  a  syrupy 
liquid. 

If  the  fermentation  is  allowed  to  continue  too 
long,  then  the  lactic  acid  becomes  decomposed  by  a 
further  fermentative  process  into  butyric  acid,  thus  : 

2CsH,.,0.,    =    C^HgOo    +    2CO2  + 

Lactic  Butyric  Carbon  Hydrogen, 

acid  acid.  dioxide. 

As  butyric  acid  can  also  be  obtained  from  butter 
or  fat,  this  conversion  of  lactic  acid  into  butyric  acid 
is  of  physiological  interest,  as  indicating  a  possible 
method  by  which  starchy  foods  become  converted  into 
fat  when  consumed  as  articles  of  diet.  The  starch  is 
converted  partly  by  the  ptyalin  of  the  saliva,  but 
mainly  by  the  ferment  of  the  pancreatic  juice,  into 
sugar,  this  probably  undergoes  the  lactic  acid  fer 
mentation,  the  lactic  acid  possibly  in  its  turn  under- 
goes the  butyric  acid  fermentation,  and  the  butyric 
acid,  after  absorption  into  the  circulation,  may  after- 
wards be  deoxidised,  and  so  yield  fat,  which  is 
then  deposited  in  the  various  tissues. 

The  souring  of  milk  on  exposure  to  the  air  is  due 
to  the  conversion  of  the  milk  sugar  into  lactic  acid, 
the  fermentation  being  induced  by  the  spores  of 
penicillium  glaucum,  which  are  always  pi-esent  in  the 
air,  settling  on  the  surface  of  the  exposed  milk. 
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2.  Dibasic  Organic  Acibs. 
Oxalic  acid 

01*  I  coHo)  ■ — ^^^^ 
is  present  in  the  form  of  potassium  and  calcium  salts 
in  a  few  plants,  such  as  the  wood-sorrel,  rhubarb,  and 
common  dock.  There  is  not,  however,  a  sufficient 
quantity  of  it  in  these  plants  to  render  its  extraction 
from  them  a  commercial  success,  and  it  is  therefore 
obtained  by  an  artificial  process.  It  may  be  prepared — ■ 

(i)  In  the  form  of  its  sodium  salt  by  passing  cai'bon 
dioxide  over  carefully  heated  metallic  sodium. 

Na2  +    2CO2    =  NagCaO^ 

Sodium.         Carbon  Sodiixm 
dioxide.  oxalate. 

(ii)  It  may  also  be  prepared  by  boiling  cane  sugar 
with  strong  nitric  acid,  some  of  the  oxygen  of  which 
oxidises  the  sugar  to-  oxalic  acid. 

C12H23O11    +    90,    =    SHjCoO^t    +  5H2O 

Cane  sugar.  Oxygen.  Oxalic  acid.  Water. 

(iii)  On  the  manufacturing  scale,  oxalic  acid  is 
prepared  from  sawdust ;  it  does  not  pre-exist  in  saw- 
dust, but  the  elements  necessary  for  its  formation  do, 
and  by  roasting  the  sawdust  with  a  caustic  alkali, 
these  elements  unite  to  form  oxalic  acid,  which  is  then 
converted  by  the  alkali  into  an  oxalate.  The  process 
is  carried  out  on  a  large  scale  by  roasting  sawdust 
with  caustic  soda  on  iron  plates,  care  being  taken  not 
to  use  sufficient  heat  to  char  the  sawdust ;  the  sodium 
oxalate  is  then  extracted  by  means  of  boiling  water, 
and  decomposed  by  slaked  lime  into  the  insoluble 
calcium  oxalate  and  caustic  soda,  which  latter  can 
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then  be  used  for  roasting  with  a  fresh  portion  of 
sawdust. 

Na.CjO^    +    Ca(H0)3    =    CaO^O.,    +  2NaH0 

Sodium  Slaked  Calcium  Caustic 

oxalate.  lime.  oxalate.  soda. 

The  calcium  oxalate  is  then  decomposed  with 
sulphuric  acid  and  water,  with  formation  of  insoluble 
calcium  suljDhate  and  soluble  oxalic  acid ;  on  filtering 
fi"om  the  calcium  sulphate,  and  concentrating  the 
filtrate  by  evaporation,  crystals  of  oxalic  acid  are 
deposited. 

CaCoO^    +    H.SO^    =    H,a0.t    +  CaSO^ 

Calcium  Sulphuric  dxafic  Calcium 

oxalate.  acid.  acid.  suljjliate. 

Properties  of  oxalic  acid. — Oxalic  acid  is  a 
white  crystalline  solid,  with  a  very  acid  taste ;  it  is  an 
irritant  poison,  the  antidote  for  it  being  chalk  or  lime- 
water,  either  of  which  neutralises  the  oxalic  acid,  and 
forms  the  insoluble  calcium  oxalate. 

Salt  of  sorrel  (KHCoO^^,  HnCoO.J  is  an  acid 
potassium  oxalate  combined  with  oxalic  acid  ;  it  exists 
in  the  sorrel  plant,  and  may  be  made  by  one-fourth 
neutralising  oxalic  acid  with  potassium  carbonate ; 
salt  of  sorrel  and  oxalic  acid  are  both  used  for  remov- 
ing ink-stains  from  linen,  the  tannate  of  iron  of  the 
iuk-stain  being  soluble  in  a  solution  of  oxalic  acid. 
Heat  decomposes  oxalic  acid  into  water  and  the  two 
oxides  of  carbon  ;  a  similar  decomposition,  but  at  a 
lower  temperature,  takes  place  when  oxalic  acid  is 
heated  with  strong  sulphuric  acid  {see  page  163). 
Oxalates  of  tlie  alkaline  metals  when  heated  yield 
carbonates,  with  evolution  of  carbon  monoxide,  thus — 
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NagCaO^    =    NaoCO^    +  CO 

Sodium  Sodium  Carbon 

oxalate.  carbonate.  monoxide. 

Test  for  oxalic  acid. — ^If  a  solution  of  oxalic 
acid  be  neutralised  with  ammonia,  and  calcium  chloride 
be  added,  a  white  precipitate  of  calcium  oxalate  will  be 
thrown  down ;  this  precipitate  is  insoluble  in  acetic 
acid,  but  is  soluble  in  hydrochloric  acid. 

Succinic  acid  (HgC^H^O,  or  a.H^^^^g^). 

— This  acid  can  be  obtained  from  amber  by  heat,  hence 
its  name  (from  succinum,  amber).  Although  not 
employed  at  all  in  medicine,  it  is  of  interest  on  account 
of  its  relationship  to  malic  and  tartaric  acids,  as  will 
be  seen  from  the  following  formulae. 

■  SuccinicacidC4H604  orOgH./'^^^*-* 
^  \COHO 

Malic  acid  C,H,,0,  or  C.,m(B.O)  /^OHO 

Tartaric  acid  CM.O.  or  CoHo(HO)o  /^^HO 

\0OHO- 

Malic  acid  is  therefore  oxysuccinic  acid,  since  it 
contains  one  atom  of  oxygen  more  than  succinic  acid ; 
tartaric  acid  is  di- oxysuccinic  acid,  since  it  contains 
two  atoms  of  oxygen  more  than  succinic  acid.  Succinic 
acid  may  be  prepared  from  both  malic  and  tartaric 
acids,  by  withdrawal  of  the  extra  oxygen  ;  this  may 
be  eflected  by  the  action  upon  them  of  hydriodic  acid, 
the  hydrogen  of  which  unites  with  the  extra  oxygen 
to  form  water,  the  iodine  being  liberated,  thus  : — 


C,H,p,,    +    2HI   =    C.HoO,    +    HoO  + 

MaUc  Hydriodic  Succinic  Water.  lodiQe 

acid.  acid  acid. 
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C.HfiOe  +    4HI   =   C.HgO^    +    2H2O  +  21, 

Tartoi-ic  Hydi-iodic  Succinic  Water.  Iodine, 

acid.  acid.  acid. 


Malic  acid  (h AH,0,  or  aH3(H0)  <gg|g). 

— This  acid  is  present  in  the  free  state  in  apples,  peai's, 
cherries,  berries  of  the  mountain  ash,  and  various 
other  fruits  ;  it  is  also  present  in  considerable  quan- 
tities in  green  garden  rhubarb,  the  sourness  of  which 
is  due  to  malic  acid.  It  is  not  used  in  medicine,  but 
is  of  interest  as  being  intermediate  in  composition 
between  succinic  and  tartaric  acids  (see  above). 

This  acid  occurs  as  potassium  acid  tartrate  (cream  of 
tartar)  in  grapes,  tamarinds,  pine-apples,  and  several 
other  fruits.  It  is  deposited  as  argol  during  the 
fermentation  of  grape  juice  into  wine  ;  for  although 
the  potassium  acid  tartrate  is  soluble  in  the  grape 
juice,  it  is  insoluble  in  alcohol,  and  is  therefore  preci- 
pitated as  the  grape  sugar  becomes  converted  into 
alcohol.  Argol  consists  of  potassium  acid  tartrate 
coloured  with  some  of  the  colouring  matter  of  the 
wine ;  it  also  constitutes  the  crust,  formed  as  a 
sediment,  in  old  port  and  other  wines.  Cream  of 
tartar,  or  hitartrate  of  potash,  as  it  is  sometimes  called, 
is  argol  depiived  of  its  colouring  matter  by  means  of 
jinimal  charcoal. 

Preparation. — Tartaric  acid  is  prepared  by 
dissolving  cream  of  tai-tar  in  boiling  water,  and  adding 
chalk  till  effervescence  ceases,  when  one-half  of  the 
tartaric  radical  is  precipitated  as  calcium  tai'trate,  the 
other  half  remaining  in  solution  as  potassium  tartrate. 

2KHC^H^0(.    +    CaCO.^    =    CaC.H^g  + 

Potassium  Calcium  Calcium 

acid  tartrate.  carbonate.  tartrate. 
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K^C^H^Oo    +    COo    +  H3O 

Potassium  Coo-bon  Water, 

tartrate.  dioxide. 

Calcium  chloride  is  then  added  to  decompose  the 
potassium  tartrate,  so  that  the  whole  of  the  cream  of 
tartar  is  converted  into  the  insoluble  calcium  tartrate. 

KoC^H^Og    +    CaClg   =    CaC^H^Oo    +  2KC1 

Potassium  Calcium  Calcium  Potassium 

tartrate.  chloride.  tartrate.  chloride. 

The  calcium  tartrate  is  finally  decomposed  with 
sulphuric  acid  and  water,  with  the  production  of 
insoluble  calcium  sulphate  and  soluble  tartaric  acid ; 
on  filtering  from  the  calcium  sulphate,  and  concen- 
trating the  filtrate  by  evaporation,  crystals  of  tartaric 
acid  are  deposited. 

CaC.H^Oe  +  H^SO,  =   H^C^H^Oe    +  CaSO, 

Calcium  Sulphuric  Tartaric  Calcium 

tairtrate.  acid.  acid.  sulphate. 

Properties. — Tartaric  acid  is  a  white  crystalline 
solid,  with  a  very  acid  taste.  Two  isomeric  varieties 
of  tai-taric  acid  exist,  viz.  dextro-tartaric  acid  and 
IsBvo-tartaric  acid,  a  solution  of  the  former  twisting  a 
ray  of  polarised  light  to  the  right,  and  of  the  latter 
to  the  left.  Ordinary  tartaric  acid  is  the  dextro- 
tartaric  acid.  Racemic  acid  is  a  mixture  of  the  two 
varieties,  and,  in  the  form  of  the  acid  potassium  salts, 
exists  to  a  certain  extent  in  grapes. 

Test  for  tartaric  acid. — If  to  a  solution  of 
tartaric  acid  neutralised  with  ammonia  some  silver 
nitrate  be  added,  a  white  precipitate  of  silver  tartrate 
is  thrown  down ;  on  boiling  the  mixture,  the  pre- 
cipitate blackens  from  reduction  to  metallic  silver, 
which  forma  a  mirror-like  deposit  on  the  sides  of  the 
test-tube. 
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3.  Tribasic  Organic  Acids. 

Citric  acid  (HgCgHgO^). — This  acid  is  present 
in  lemons,  limes,  currants,  gooseberries,  raspbemes, 
etc.  It  is  prepared  from  lemon-juice  or  lime-juice  by 
first  boiling  the  juice  and  filtering  from  any  suspended 
matters,  and  then  adding  chalk  until  effervescence 
ceases ;  the  precipitated  calcium  citrate  is  then 
collected  and  is  decomposed  with  sulphuric  acid  in  a 
similar  manner  to  that  employed  in  the  preparation  of 
tartaric  acid. 

Properties  and  test.— Citric  acid  is  a  white 
crystalline  solid,  with  a  very  acid  taste.  The  best  test 
for  the  solid  acid  is  the  peculiar  way  in  which  it 
chars  when  treated  with  strong  sulphuric  acid  ;  it  first 
turns  of  a  pale  lemon  colour,  passing  successively  to 
a  darker  yellow  colour,  a  sherry  colour,  a  port  colour, 
and  finally  to  a  black  colour. 
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CHAPTER  VIII. 

BENZENE  DERIVATIVES,  OR  THE  AROMATIC  GROUP. 

Benzene — Toluene — Nitrobenzene  —  Phenol  or  Carbolic  Acid — 
Sulphocarbolic  Acid — Picric  Acid — Resorcin — Essential  Oil  of 
Bitter  Almonds — Benzoic  Acid — Hippuric  Acid — Salicylic  Acid 
— Gallic  Acid— PyrogalUc  Acid — Tannin — Terpenes — Camphor. 

Benzene  and  its  homologues  constitute  a  group 
bearing  to  one  another  the  same  relation  that  methane 
or  marsh  gas  bears  to  the  group  of  paraffin  derivatives. 
The  members  of  this  group  are  called  aromatic  bodies, 
on  account  of  the  fragrant  odours  possessed  by  some 
of  them,  such  as  essential  oil  of  bitter  almonds,  benzoic 
acid,  etc.  The  members  of  the  benzene  series  are 
unsaturated  hydrocarbons,  from  which  their  deriv- 
atives are  obtained  by  the  displacement  of  hydrogen 
by  various  radicals.  Although  in  the  molecule  of 
benzene  (CgHg)  the  carbon  atoms  are  not  completely 
saturated  as  regards  their  possible  union  with  hydro- 
gen, yet  benzene  may  be  regarded  as  a  saturated 
molecule,  as  indicated  by  the  following  graphic 
formula,  which  shows  the  carbon  atoms  united  to- 
gether by  one  and  two  atom-fixing  powers  alternately. 
This  graphic  representation  is  known  as  the  benzene 


rmg  : 


H  H 

\  / 

C — C 

H— o  C— H 
\  / 

c=o 

Ghraphlc  formula  of  benzene. 
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The  other  hydrocarbons  of  the  series  may  be  de- 
rived from  benzeue  by  the  substitution  of  univalent 
hydrocarbon  radicals  for  hydrogen,  thus  : 

CgHfl    Benzene. 

C6H,(CH.,)    Methyl-benzene. 

CgH4(CH3)o    Dimethyl-benzene. 

CflH3(CH3)3       ...       ...  Trimethyl-benzene. 

If  two  or  more  hydrogen  atoms  are  displaced  from 
the  benzene  ring  by  univalent  elements  or  radicals, 
isomeric  modifications  are  obtained  according  to  the 
relative  positions  that  those  elements  or  radicals  bear 
to  one  another  in  the  benzene  ring.  Thus,  taking  the 
case  of  dimethyl-benzene,  the  two  methyl  radicals 
may  be  contiguous  in  the  benzene  ring  (i),  or  may  be 
separated  by  one  atom  of  hydrogen  (ii),  or  may  be 
separated  by  two  atoms  of  hydrogen  (iii) : 
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i.  ii.  iii. 


In  the  case  of  the  di-derivatives  of  benzene,  these 
three  isomeric  modifications  are  distinguished  by 
the  prefixes  ortho-,  nieta-,  and  para-,  thus  : —  (i)  is 
ortho-dimethylbenzene  ;  (ii)  is  meta-dimethylbenzene  ; 
(iii)  is  para-dimethylbenzene. 

Benzene  (CgHg). — This  body  is  commonly 
known  as  benzol.    It  is  one  of  the  products  of  the  dry 
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or  destructive  distillation  of  coal,  and  is  obtained  from 
the  coal-tar  by  fractional  distillation,  being  contained 
in  that  portion  of  the  coal-tar  distilling  below  100°  C. 
It  may  also  be  prepared  by  passing  acetylene  through 
red-hot  tubes,  a  reaction  of  interest,  because,  as 
acetylene  can  be  prepared  from  its  elements,  therefore 
benzene  can  also  be  indirectly  prepared  from  its 
elements. 

Acetylene.  Benzene. 

Pure  benzene  may  also  be  prepared  by  the  ab- 
straction of  carbon  dioxide  from  benzoic  acid,  which 
is  eflected  by  heating  benzoic  acid  with  quicklime. 


CgHg    -f  CaCOg 

Benzene.  Calcium 
carbonate. 

Pi'operties. — Benzene  is  a  thin,  colourless, 
limpid  liquid,  with  a  peculiar  odour.  Its  sp.  gr.  is 
0"899.  It  is  very  inflammable,  burning  with  a 
smoky  flame  on  account  of  the  large  amount  of  carbon 
it  contains.  It  is  a  j^owerful  solvent  of  fats,  and  is  on 
this  account  commonly  employed,  under  the  name  of 
benzene  collas,  for  removing  grease  from  clothes. 

Toluene  or  inethylbeiizene  (CgHj.CH,^). — 
This  body  is  commonly  known  as  toluol.  It  is 
contained  in  the  coal-tar  distillate,  and  passes  over 
at  between  100°  and  120°  C.  It  is  a  liquid,  smell- 
ing like  benzene,  and  may  be  obtained  by  the  sub- 
stitution of  methyl  for  chlorine  in  chlorobenzene. 
This  is  effected  Vjy  di.stilling  together  chlorobenzene, 
methyl  iodide,  and  sodium, 
c  c— 32 


\COHO    +  - 

Benzoic  Iiime. 
acid. 
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Clilorobeuzeno.      Metliyl       Sodium.  Toluene, 
iodide. 

NaCl    +  Nal 

Sodium  Sodium 
chloride.  iodide. 

Nitrobenzene  (CiiHjNO,). — This  body  is  also 
known  as  niirobenzol  and  essence  of  mirbane.  It  is 
obtained  by  the  action  of  strong  nitric  acid  on  benzene. 

C,H,.    +    HNO.    =    C.H-NO.    4-  H.O 

Benzene.  Nitric  Nitrobeuzeue.  Water, 

acid. 

Pi'opei'tics. — Nitrobenzene  is  a  yellow  liquid, 
heavier  than  water,  and  possessing  a  strong  odour 
resembling  that  of  the  essential  oil  of  bitter  almonds, 
and  i.s  on  this  account  sometimes  known  as  artificial 
oil  of  bitter  almonds.  It  is  a  poisonous  substance,  and 
is  extensively  employed  in  commerce  in  the  manu- 
facture of  aniline  [see  page  455). 

Phenol  or  carboiic  acid  (CuHgHO). — This 
body,  which  is  the  ordinary  carbolic  acid,  is  also 
known  as  plienic  acid.  It  is  contained  in  coal  tar, 
from  which  it  is  obtained  for  commercial  purposes, 
being  that  portion  of  coal  tar  distilling  between 
and  190°  C.  It  maybe  obtained  iu  a  chemically  pure 
state  by  the  withdi-awal  of  the  carbon  dioxide  from 
salicylic  acid,  which  is  efiected  by  heating  salicylic 
acid  with  quicklime. 

{c(So     +  =    C.H.HO    4-  CaCO, 

Salicylic  Lime.  Carbolic  Calcium 

acid.  acid.  carbonate. 


Properties. — Carbolic  acid  is,  in  the  pure  state. 
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ii  colourless  ci'ystalliue  body,  but  it  soon  assumes  a 
pink  colour,  clue  to  the  absorption  of  carbon  dioxide 
from  the  air  and  the  consequent  formation  of  a  small 
amount  of  aurin.  It  is  slightly  soluble  in  water,  and 
'  readily  soluble  in  alcohol,  ether,  and  glycerine  {Glycer- 
hiiim  acidi  carbolici,  B.  P.).  If  solid  carbolic  acid  is 
mixed  with  a  small  quantity  of  water  it  liquefies, 
100  parts  of  the  acid  and  10  pai'ts  of  water  forming 
Aciduiii  carbolicunu  Uquefactum,  B.  P.  It  possesses  a 
characteristic  odour  and  taste,  somewhat  resembling 
ereasote.  It  is  a  powerful  antiseptic  on  account  of 
its  germicidal  properties.  It  is  a  corrosive  and  irritant 
poison. 

Tests. — (i)  Carbolic  acid  gives,  with  bromine 
water,  a  white  precipitate  of  tribromocarbolic  acid 
(CgH3Br30).  This  constitutes  a  very  delicate  test 
for  carbolic  acid,  and  is  the  best  method  for  its  detec- 
tion in  the  urine  in  cases  of  carbolic  acid  poisoning, 
and  in  cases  of  absorption  of  carbolic  acid  from  wounds 
washed  with  carbolic  acid  lotion.  (ii)  Ferric 
chloride  gives  a  violet  colour  with  a  solution  of  car- 
bolic acid. 

Siilphocai'bolic  acid  (HCgH^SOJ.  — This  is 
prepared  by  dissolving  carbolic  acid  in  strong  sul- 
phuric acid.  By  mixing  it  with  metallic  hydrates  oi 
carbonates,  sulphocarbolates  are  formed.  Two  of 
these  salts  are  used  in  medicine,  viz.  sodium  sulpho- 
carbolate  (NaCgH-SOj),  and  zinc  sulphocarbolate 
(Zn(C,H,SO,),). 

Trinitrophenol  or  picric  acid  (0,.H3{lSr03)30). 
— This  is  obtained  by  dropping  carbolic  acid  into  fum- 
ing nitric  acid.  It  is  a  yellow  dye,  known  as  carbazotic 
acid  or  picric  acid. 

Resorcin  (CgII^(H0)3). — This  body  is  dihydroxy- 
benzene.  Three  such  isomeric  bodies  exist,  according 
to  the  relative  positions  of  the  hydroxyl  groups  in  the 
benzene  ring,  viz.; — 
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c  — c  c— c  c— c 

//     W  //     W  //  W 

HO-C         C-H  HO-C         C-H  HO-C  C-0 

\        /  \        /  \  / 

0=0  CrzrC  CizrC 

\h:       h'^       \i       1/  \i 

Pyrocatechin.  Hesorcin.  Hydroquinoue. 

Of  these  only  the  metaderivative  (resorcin)  is 
used  in  medicine.  Resorcin  is  prepared  by  the  action 
of  melted  caustic  potash  on  chlorophenol,  that  is,  by 
introducing  a  second  hydroxyl  group  into  phenol  or 
carbolic  acid  (CgHjHO). 

C.H^CIHO    +    KHO    =    CfiH^(H0)2   +  KCl 

Cmoropheuol.  Caustic  Resorciu.  Potassium 

lX)tash.  chloride. 


Properties. — Resorcin  is  a  white  substance, 
soluble  in  water,  alcohol,  and  ether.  Its  aqueous 
solution  is  coloured  dark  violet  by  feriic  chloride,  and 
gives  a  white  precipitate  with  bromine  watei",  in  these 
pro[)erties  i-esembling  carbolic  acid. 

Benzoic  aldehyde  or  essential  oil  of  bitter 

CyHgO  or  ]qqj|]- — This  is  obtained 

from  the  glucoside  amygdalin  present  in  the  bitter 
almond  seeds,  by  digesting  the  bitter  almonds  with 
water  and  afterwards  distilling.  The  bitter  almond 
seeds  contain  a  ferment  evmlsin,  which,  in  presence  of 
water,  causes  the  amygdalin  to  decompose  into  the 
essential  oil  of  bitter  almonds,  hydrocyanic  acid,  and 
glucose. 
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C.0H0-NO11    +    2H.0   =   CyHfiO    +    HON  + 

Amygdalin.  Water.        Essential  oil  of  Hydrocyanic 

bitter  almonds.  .acid. 

Glucose. 

The  es.sential  oil  of  bitter  almonds  therefore  contains 
a  considerable  quantity  of  hydrocyanic  acid  (4  to  8  per 
cent.),  unless  specially  purified  from  it.  It  may  be 
freed  from  the  hydrocyanic  acid  by  distillation  with 
slaked  lime  and  ferrous  chloride,  by  which  means  the 
volatile  hydrocyanic  acid  is  converted  into  the  non- 
volatile calcium  ferrocyanide.  If  the  essential  oil  of 
bitter  almonds  is  exposed  to  the  air  it  absorbs  oxygen, 
the  benzoic  aldehyde  becoming  converted  into  benzoic 
acid,  which  is  deposited  as  white  crystals. 


9/^0^5      1      o  —  9/ 

^(COH     +     '-'3  -  ^\ 

Essential  oil  of  Oxygen.  •Benzoic 
bitter  almouds.  acid. 


COHO 


Benzoic  acid(^H07H502  or  {  cOHo)""''^^^ 

acid  may  be  prepared  (i)  from  gum  benzoin,  which 
contains  from  12  to  15  per  cent,  of  it,  by  heating  the 
crushed  benzoin,  when  the  benzoic  acid  sublimes,  or 
more  economically  by  boiling  the  crushed  benzoin  with 
slaked  lime  and  water,  when  the  benzoic  acid  is 
extracted  as  the  soluble  calcium  benzoate. 


2HC-H5O2   +   Ca(HO)o  =  Ca(C7H502)2  +  2H2O 

Benzoic  Slaked  Calcium  Water  j 

acid.  lime.  benzoate. 


From  the  filtrate  benzoic  acid  is  precipitated  by 
the  addition  of  hydrochloric  acid. 
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Ca(07H50.).    +    2HC1   =    2HC7H,0.  +  CaCl. 

Calcium  Hydrochloric  Benzoic  "  Calcium 

benzonte.  acid.  acid.  chloride. 


(ii)  Benzoic  acid  may  be  prepared  by  the  oxida- 
tion of  oil  of  bitter  almonds  {see  above). 

(iii)  Benzoic  acid  may  also  be  obtained  from 
liippuric  acid,  which  caii  be  extracted  fi-om  the  urine 
of  cows  or  horses,  by  boiling  that  acid  with  hydro- 
cliloric  acid  (see  below). 

liippuric  acid  or  bciizoyl-ninidacctic  acid 

C  {cOHO^^"^'^0" — ^^^^^  ^^^^  occurs  in  the  urine 
of  herbivorous  animals,  and  is  formed  Avithin  them 
from  the  union  of  the  benzoyl  compounds  contained  in 
grass,  fodder,  etc.,  with  amidacetic  acid  existing  in 
some  of  the  bile  compounds.  If  benzoic  acid  is  taken 
internally  by  man  it  appears  in  the  urine  as  hippuric 
acid,  the  latter  acid  being  produced  by  the  union  of 
benzoic  acid  with  the  amidacetic  acid  or  glycocine 
present  in  a  compound  form  in  one  of  the  bile  salts 
(see  page  461).  Hippuric  acid  may  be  artificially  pro- 
duced by  the  action  of  benzoyl  chloride  on  amidacetic 
acid  (glycocine). 

/CH„(NH.)  ,  p  „  ^p,  _  /CH„(NH.C,H50)  + 
\0OHO       +  W-H5^^i  -  IcOHO 

Amidacetic  [^Benzoyl  Hippuric 

acid.  chloride  acid. 


HCl 

Hydrochloric 
acid. 


Hippuric  acid  is  decomposed  by  boiling  with 
strong  hydrochloric  acid  into  benzoic  acid  and  amid- 
acetic acid  (glycocine). 
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(  CH2(NH  G^H^O)     ,    HO  -    i  C'H,(NH,) 
\  COHO  +   H.O  -    I  (.QjjQ  + 


({ 


Hippuric  Water.  Amidacetio 

acid.  acid. 

HC7H5O2 
Benzoic  acid. 


Salicylic    acid    or  hydroxyl»eiizoic  acid 

CC^(?*^^)' — "^^^  kinds  of  salicylic  acid  occur  in 

commerce,  namely,  the  natural  and  artificial  sali- 
cylic acids.  The  natural  salicylic  acid  is  obtained 
from  oil  of  winter  green  or  methyl  salicylate,  by  distil- 
ling it  with  caustic  soda,  when  methyl  alcohol  distils 
over  and  sodium  salicylate  is  left  behind.  If  the 
sodium  salicylate  is  dissolved  i]i  water,  salicylic  acid 
can  be  pi-ecipitated  by  the  addition  of  hydrochloric 
acid  to  the  solution.  Artificial  salicylic  acid  is 
prepared  from  carbolic  acid.  It  will  be  seen  that  if 
carbon  dioxide  is  added  to  the  molecule  of  carbolic 
acid  salicylic  acid  is  produced,  thus  : — 

CfiHgO    +    CO3    =  C^HgOg 

Carbolic  Carbon  Salicylic 

acid.  dioxide.  acid. 


This  is  effected  by  converting  the  carbolic  acid  into 
sodium  carbolate  by  the  addition  of  caustic  soda,  and 
then  heating  the  sodium  carbolate  in  a  stream  of  carbon 
dioxide  at  180°  C,  when  it  becomes  converted  into 
sodium  salicylate. 

NaCgH.O    +    CO2    =  NaC^HjO^ 

Sodium  Carbon.  Sodinm 

carbolate.  dioxide.  salicylate. 


Salicylic  acid  is  precipitated  from  an  aqueous 
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solution  of  the  sodium  salicylate  by  the  addition  of 
hydrochloric  acid. 

Properties. — Salicylic  acid  is  a  white  solid,  free 
from  smell,  slightly  soluble  in  cold  water  and  readily 
soluble  in  hot  water,  alcohol  and  ether.  It  is  an 
antiseptic.  It  is  lai-gely  used  in  medicine  in  the  form 
of  its  sodium  salt,  the  pi-eparation  of  which  has  been 
described  in  the  two  processes  given  above. 

Tests. — (i)  A  solution  of  salicylic  acid  gives, 
with  ferric  chloride,  a  violet  colour.  (ii)  Salicylic 
acid,  heated  with  quicklime,  evolves  the  odour  of 
carbolic  acid,  the  quicklime  extracting  the  carbon 
dioxide  from  the  salicylic  acid,  and  so  reducing  it  to 
carbolic  acid. 

Crnllic  acid,  or  tri-liy<lroxybeuzoic  acid, 

or  di-hydroxysalicylic  acid  (  j  cOl}(?^^'^)"~ 
Gallic  acid  occurs  in  small  quantity  in  oak  galls,  but 
is  generally  prepared  from  tannic  acid  by  the  union  of 
that  body  with  the  elements  of  water.  As  tannic  acid 
is  contained  to  a  considerable  extent  in  oak  galls, 
gallic  acid  is  prepared  by  boiling  the  crushed  galls 
with  dilute  sulphuric  acid  for  about  half  an  hour,  when 
the  tannin  unites  with  the  elements  of  water  and  forms 
gallic  acid.  If  the  liquid  is  filtered  while  hot,  it 
deposits  crystals  of  gallic  acid  on  cooling. 

Test. — A  solution  of  gallic  acid  gives,  with  fei'ric 
cliloride,  a  bluish-black  precipitate  of  ferric  gallate. 

Pyrogallic  acid  (CgHgO.,). — This  substance 
sublimes  when  gallic  acid  is  heated,  and  is  fonned  by 
the  gallic  acid  losing  carbon  dioxide. 

C^H^O,    =    CeHcOg    +  CO, 

Gallic  Pyrogallio  Carbon 

acid.  acid.  dioxide. 


An  aqueous  solution  of  potassium  pyi'Ogallate 


[       chap.viii.i  Tannic  Acid.  441 

1 

I  possesses  the  property  of  rapidly  absorbing  oxygen, 
;'        and  hence  is  used  in  the  alnalysis  of  air  (see  page  105). 

Taimin  or  tannic  acid  (Cj^HioOg). — This 
;  substance  is  a  constituent  of  oak  galls,  from  which  it  is 
'  obtained  by  macerating  the  galls  in  a  mixtiu-e  of  ethei', 
alcohol  and  water.  The  strained  liquor,  if  evaporated, 
deposits  tannin.  The  relationship  of  tannin  to  gallic 
acid  is  represented  in  the  following  equation,  which 
shows  that  two  molecules  of  gallic  acid,  deprived  of  one 
molecule  of  water,  yield  tannin. 

Gallic  acid.  AVater.  Tannin. 

Tests. —  (i)  A  solution  of  tannic  acid  gives, 
with  ferric  chloride,  a  dark  bluish-black  precipitate  of 
ferric  tannate  resembling  in  appearance  the  precipitate 
of  ferric  gallate.  (ii)  An  aqueous  solution  of  tannin 
precipitates  an  aqueous  solution  of  gelatine.  This 
test  sei-ves  to  distinguish  tannic  acid  from  gallic  acid, 
as  the  latter  does  not  precipitate  gelatine. 

Terpenes. 

Terpenes  of  the  formula  OjoH,g  are  isomeric  hydi'o- 
carbons  occuri'ing  as  volatile  oils  in  plants,  from  whicli 
they  may  be  obtained  by  a  process  of  distillation. 
The  commonest  terpene  is  oil  of  turpentine  ;  other 
terpenes  isomeric  with  this  are  the  volatile  or  essential 
oils  of  lemon,  orange,  citron  and  bergamot. 

Essential  oil  of  turpentine  (CjQH^g)  is  also 
known  as  oil  of  turpentine,  spirits  of  turpentine,  tur- 
pentine, and  "  turps."  It  is  prepared  by  distillation 
from  the  crude  turpentine  or  oleo-resin,  obtained  from 
various  species  of  pine  trees ;  the  volatile  oil  of  tur- 
pentine distilling  over,  common  resin  being  left  in  the 
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retort.  The  relationship  of  oil  of  turpentine  to  ben- 
zene is  shown  in  the  following  graphic  formulae,  from 
which  it  is  evident  that  the  molecule  of  oil  of  turpen- 
tine consists  of  benzene,  to  which  the  radicals  methyl 
(CH.j)  and  propyl  {O3H7)  have  been  added,  by  the 
loosening  of  a  pair  of  atom-fixing  powers  in  the  ben- 
zene ring  : — 
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Oil  of  Turpentine. 


Cainplioi*  (Cj(,HjgO). — This  substance  is  a 
partially-oxidised  terpene  ;  it  is  a  solid  volatile  sub- 
stance obtained  from  the  camphor  plant. 
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CHAPTER  IX. 

FATS — SOAPS — ALKALOIDS. 

Fats  and  Fixed  Oils — Soaps — Saponification — Vegetable  Alkaloids 
— Morphine — Apomorphine — Quinine — StfycLnine — Brucine — 
Earer  Alkaloids — Ptomaines  or  Animal  Alkaloids. 

FATS  AND  FIXED  OILS. 

A  FAT  or  oil  is  a  compound  of  the  radical  glyceryl 
with  the  acid  radical  of  one  of  the  higher  fatty  acids. 
The  large  majority  of  fats  and  oils  consist  of  the  radical 
glyceryl  united  with  the  oleic,  stearic,  and  palmitic 
radicals.  The  compound  of  glyceryl  and  the  oleic 
radical  is  glyceryl  oleate  or  olein  ;  the  compound  of 
glyceryl  and  the  steai-ic  radical  is  glyceryl  stearate  or 
stearin;  and  the  compound  of  glyceryl  and  the  palmitic 
radical  is  glyceryl  palmitate  or  2jahnitin.  As  the 
glyceryl  radical  is  trivalent,  and  the  fatty  acid  radicals 
are  univalent,  it  follows  that  three  equivalents  of  the 
latter  are  required  to  saturate  one  of  the  former ;  the 
formulae  of  tliese  fats  and  oils  are,  therefore,  as 
follows  : — 

Glyceryl  oleate  or  olein  C3Hg(Ci8Hg.j02)3. 
Glycciyl  stearate  or  stearin  C3Hg(Ci8H3g02)3. 
Glyceryl  palmitate  or  palmitin  C3H5(Cj5H3i0.2)3. 

Olein  is  a  liquid,  steaiin  and  palmitin  are  solids ; 
therefore  the  larger  the  proportion  of  olein  in  a  mixed 
fat  the  softer  it  will  be  ;  and  the  larger  the  projDortion 
of  stearin  (which  is  harder  than  palmitin)  the  harder 
the  mixed  fat  will  be. 

Olein  in  its  pure  form  constitutes  olive  oil  and 
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almond  oil,  and  is  also  contained  in  castor  oil.  Stearin 
forms  the  bulk  of  beef-suet  and  mutton-suet.  Pahnitin 
is  present  in  palm  oil.  Human  fat  is  a  mixture  of 
olein,  stearin,  and  palmitin.  Margarine,  which  was 
formerly  believed  to  be  a  simple  fat,  is  now  known  to 
be  a  mixture  of  stearin  and  palmitin. 


SOAPS  AND  SAPONIFICATION. 

A  soap  is  a  compound  of  a  metal  with  one  of  the 
radicals  of  oleic,  steai'ic,  or  palmitic  acid,  and  is  there- 
fore obtained  by  the  displacement  of  the  glyceryl  of 
an  oil  or  fat  by  a  metal.  The  following  list  shows 
the  composition  of  the  commonly  used  soaps  : — 


Common,  yellow,  or  hard  soap  is  )  -j^  p  tt  q 
sodium  oleate                     \  is  2 

Soft  soap  is  jwtassium  oleate    .    .  KCiaH^aOi! 

Curd  soap  is  sodium,  stearcute    .    .  NaCi8H3502 


Scvponification  is  the  process  by  which  oils  or  fats 
are  converted  into  soaps,  and  consists  in  decomposing 
the  oil  or  fat  with  an  alkali,  when  double  decomposi- 
tion takes  place,  resulting  in  the  formation  of  a  soap 
and  glycerine. 

Coiiiiiion,  yellow,  or  hard  soap.— This  is 
prepared  by  boiling  olive  oil  (glyceryl  oleate)  with 
caustic  soda,  when  double  decomposition  occui-s  as 
follows  : — 

C3H.(Ci8H3302).,   -f   3NaH0  =   SNaCigHsgOg  + 

Glyceryl  oleate."         Sodiiun  hydrate.  Sodinm  oleate. 

C3H,(HO)3 

Glycerine. 


When  the  process  of  saponification  is  completed, 
common  salt  is  added  to  separate  the  soap  from  the 
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glycei'ine ;  the  soap  being  insoluble  in  a  solution  of 
common  salt,  it  is  tlirown  out  of  solution  on  the 
addition  of  the  salt,  and  rises  to  the  surface  of  the 
liquid,  when  it  can  be  removed. 

Soft  soap. — This  is  prepared  by  boiling  olive  oil 
(glyceryl  oleate)  wath  caustic  potash,  when  double 
decomposition  occurs  as  follows  :  — 

C3H,(C,«H330,)3    +    3KH0   =   3KC18H33O,  + 

Glyceryl  oleate.  Potassium  Potassium  oleate. 

hydrate. 

C3H,(HO)3 

Glycerine. 

Common  salt  cannot  be  wsed  to  throw  this  soap 
out  of  solution,  as  it  would  convert  it  into  the  soda 
soap ;  the  solution  is  therefore  evaporated  to  a  soft 
consistence,  the  glyceiine  being  left  in  the  soap. 

Curd  soap. — This  is  prepared  by  boiling  suet 
(glyceryl  stearate)  with  caustic  soda,  when  double 
decomposition  occurs  as  follows  : — 

C3H,(Ci8H350,)3   +    3NaH0   =   BNaOieH^^O,  + 

Glyceryl  stearate.  Sodium  hydrate.        Sodium  stenrate. 

C3H,(HO)3 

Glycerine. 

Common  salt  is  added,  as  in  the  case  of  ordinary 
hard  soap,  to  separate  the  soap  from  the  glycerine ; 
the  soap  is  thrown  out  of  solution  by  the  addition  of 
the  salt,  and  rises  to  the  surface,  when  it  can  be 
removed. 
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VEGETABLE  ALKALOIDS. 

These  bodies  are  orgamc  bases,  resembling  the 
alkalies  iu  their  properties  of  turning  red  litmus  paper 
blue,  and  of  uniting  with  acids  to  form  salts ;  hence 
the  derivation  of  the  name  "alkaloid,"  from  alkali, 
and  dhoQ.  likeness.  All  alkaloids  contain  nitrosen. 
and  are,  in  fact,  derivatives  of  ammonia,  the  hydrogen 
of  which  has  been  partially  or  entirely  displaced  by 
various  radicals.  Alkaloids  unite  with  acids  to  form 
crystalline  salts. 

Morphine  or  morphia  (C^^H^gNOg,  H^O). — 
This  alkaloid  exists  in  opium  in  combination  with 
meconic  acid  as  meconate  of  morphine  ;  a  fair  sample 
of  opium  contains  from  8  to  12  per  cent,  of  morphine. 
It  is  extracted  by  the  following  process  : — 

(i)  The  opium  is  macerated  in  water  and  ex- 
hausted by  percolation,  by  which  means  an  aqueous 
extract  of  the  meconate  of  morphine  is  obtained. 

(ii)  To  this  aqueous  extract  calcium  chloride  is 
added,  wlien  the  meconic  acid  is  precipitated  as 
calcium  meconate,  the  soluble  hydrochlorate  of  mor- 
pliine  i-emaining  in  solution. 

(iii)  The  liquid  is  filtered,  and  the  filtrate,  con- 
taining the  hydrochlorate  of  morphine,  is  decolorised 
by  boiling  with  animal  charcoal. 

(iv)  The  liquid  is  filtered  from  the  animal  char- 
coal, and  evaporated  to  a  low  bulk ;  it  is  then  set 
aside  to  cool,  when  it  deposits  crystals  of  the  hydro- 
chlorate of  morphine. 

(v)  To  obtain  the  free  alkaloid,  solution  of  am- 
monia is  added  to  a  strong  aqueous  solution  of  the 
hydrochlorate,  when  the  morphine  is  thrown  down 
as  a  white  precipitate,  the  ammonia  uniting  with  the 
hydrochloric  acid. 
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IVIorpliiiie  liydrocliloratc  or  liydi-ochlorate 
of  luorpliiii  (CiyHigNOg,  HCl). — This  coiupound  is 
prepared  iii  the  process  just  described. 

Morpliine  acetate  or  acetate  of  morphia 

(Ci-H^gNO.^,  CoHjO.j). — This  compound  is  prepared  by 
dissolving  the  free  alkaloid  (precipitated  by  ammonia 
from  the  hydrochlorate)  in  acetic  acid.  Morphine 
acetate  is  the  salt  generally  employed  for  hypodermic 
injection. 

Tests  for  luorpliine. —  (i)  Ferric  chloride 
gives,  with  a  neutral  solution  of  a  morphine  salt,  a 
dingy  blue  colour.  In  the  cases  of  the  acetate  and 
uieconate  of  morphine,  this  blue  colour  is  more  or  less 
neutralised  by  the  production  of  the  red  coloui-  that 
ferric  chloride  gives  with  an  acetate  and  meconate. 

(ii)  Strong  nitric  acid  gives  an  orange-red  colour 
with  morphine  and  its  salts ;  this  colour  can  also  be 
obtained  by  the  addition  of  sufficient  nitric  acid  to 
a  strong  solution  of  a  morjjhine  salt. 

(iii)  Sulphomolybdic  acid,  rubbed  with  morphine 
or  any  of  its  salts  in  the  solid  state,  gives  a  dark 
crimson  colour,  changing  after  a  short  time  to  a 
sapphire  blue ;  this  constitutes  a  very  delicate  test 
for  morphine. 

Detection  of  opium. — Apart  from  its  charac- 
teristic smell,  analytical  evidence  of  the  presence  of 
oj^iixm  is  gained  by  obtaining  the  reactions  for  mor- 
phine (as  detailed  above)  and  for  meconic  acid.  The 
reaction  for  meconic  acid  is  that  it  gives  a  blood-red 
colour  with  ferric  chloride,  which  colour  is  not  dis- 
charged either  by  the  addition  of  hydrochloric  acid, 
or  of  solution  of  mercuric  chloride ;  hence  distinguish- 
ing it  from  similar  red  colours  given  by  ferric  chloride 
with  acetates  and  sulphocyanides  {see  pages  396,  422). 

Apomorphine  (C^yHi-NOj). — The  molecule  of 
this  body  differs  from  that  of  morphine  by  containing 
one  molecule  of  water  less.    It  is  prepared  by  heating 
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morphine  with  strong  hydrochloric  acid,  when  the 
elements  of  water  are  withdrawn  from  the  morphine, 
and  the  hydrochlorate  of  apomorphine  remains.  This 
alkaloid  possesses  entirely  different  physiological  pro- 
perties to  those  of  morphine  j  it  is  a  very  powerful 
and  rapid  emetic,  and  has  none  of  the  narcotic  pro- 
perties of  morphine  and  its  salts. 

Codeine  (CigHaiNOg,  HoO).— This  is  one  of  the 
alkaloids  of  opium ;  it  is  closely  related  to  morphine, 
being  methyl-morphine;  that  is,  it  consists  of  mor- 
phine, from  the  molecule  of  which  one  atom  of  hydro- 
gen has  been  displaced  by  the  radical  methyl,  as 
shown  in  the  following  formulae  : — 

Morphine— C17H19NO3,  H.p 

Codeine  or  methyl-morphine — Ci7Hjg(CH3)NOa,  li,0. 

Quinine  or  quinia  (C2oH2^N302,3H30). — This, 
together  with  other  alkaloids,  exists  in  the  different 
cinchona  barks  in  combination  with  kinic  acid.  It  is 
extracted  by  the  following  process  :  — 

(i)  The  powdered  cinchona  bark  is  exhausted  by 
percolation  with  water  acidulated  with  hydrochloric 
acid,  by  which  means  the  quinine  is  removed  in  sokv 
tion  as  hydrochlorate  of  quinine. 

(ii)  The  solution  is  decolorised  by  means  of 
animal  charcoal. 

(iii)  The  quinine  is  precipitated  from  the  solu- 
tion of  the  hydrochlorate  by  the  addition  of  caustic 
soda,  which  sets  free  the  quinine  as  a  white  precipi- 
tate, by  uniting  with  the  hydrochloric  acid  to  form 
sodium  chloride. 

Sulphate  of  quinine. — This  is  the  form  in 
which  quinine  is  generally  employed  in  medicine  ;  it 
is  made  by  dissolving  the  precipitated  quinine  in  dilute 
sulphuric  acid.  The  commercial  sulphate  of  quinine, 
or  clisulphate  of  quinine^  as  it  is  sometimes  called,  has 
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the  composition  (CooHj^NjOo),,  HoSO.^ ;  it  is  only 
slightly  soluble  in  water,  but  may  be  readily  dissolved 
by  the  addition  of  a  little  dilute  sulphuric  acid,  which 
forms  the  neutral  or  soluble  sulphate  C.ioHoj.NoOo, 
HoSO^. 

Tests  for  quinine. —  (i)  If  to  a  solution  of  a 
quinine  salt  some  chlorine  water  and  then  solution  of 
ammonia  be  added,  a  green  colour  will  be  produced. 

(ii)  If  the  above-mentioned  test  be  repeated, 
adding  some  potassium  ferrocyanide  solution  previous 
to  the  addition  of  the  ammonia,  a  red  colour  will  be 
produced. 

Cinchonine,  cinchonidine,  and  quinidine  are  alka- 
loids also  present  in  cinchona  barks. 

Strychnine  or  stryciinia  (C21H22N3O2).  —This 
alkaloid  exists  in  nux  vomica  seeds  in  combination 
with  igasuric  acid,  as  strychnine  igasurate  ;  another 
alkaloid,  brucine  or  brucia,  is  also  present  in  the  seeds 
as  brucine  igasurate. 

Strychnine  is  exti'acted  by  the  following  process  : — 

(i)  The  crushed  seeds  are  exhausted  by  macera- 
tion and  percolation  with  rectified  spirit,  and  from  the 
tincture  so  obtained  the  spirit  is  recovered  by  dis- 
tillation. 

(ii)  The  soft  extract  left  after  the  recovery  of  the 
spirit  is  mixed  with  watei-,  to  precipitate  resinous 
matters,  and  acetate  of  lead  added  to  throw  down 
colouring  matter  and  igasurate  of  lead,  acetate  of 
strychnine  being  left  in  solution. 

(iii)  The  liquid  is  filtered  from  precipitated 
matters,  and  the  filtrate  is  concentrated  by  evapora- 
tion ;  on  the  addition  of  ammonia,  strychnine  is  pre- 
cipitated together  with  brucine. 

■  (iv)  To  separate  the  brucine  from  the  strychnine 
-  the  precipitate  is  dissolved  in  alcohol,  and  the  solution 
DD— 32 
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is  evaporated  to  a  low  bulk  ;  on  setting  it  aside  to  cool, 
the  strychnine  crystallises  out,  leaving  the  more 
soluble  brucine  in  solution  in  the  mother  liquor. 

Test  for  stryclininc — If  a  drop  or  two  of 
strong  sulphuric  be  added  to  a  fragment  of  strychnine 
placed  on  a  white  porcelain  dish  or  plate,  and  then  if 
the  mixture  be  touched  with  a  glass  rod  dipped  in  a 
solution  of  potassium  bichromate  in  strong  sulphuric 
acid  (made  by  adding  a  crystal  or  two  of  the  bichromate 
to  a  few  drops  of  sulphuric  acid),  a  beautiful  dark 
purple  or  violet  colour  will  be  developed,  fading  after  a 
short  time  to  a  ])ale  red  colour. 

Bi'uciiic  or  brucia  (CggH^gNjO^).— The  separa- 
tion of  this  alkaloid  from  strychnine  has  been  de- 
scribed in  the  process  just  given. 

Test  for  brucine. — Strong  nitric  acid  gives  a 
bright  blood-i'ed  colour  with  brucine  and  its  salts. 

Rarer  alkaloids. — Aconitine,  atropine,  cocaine, 
liyoscyamine,  veratrine,  etc.,  are  prepared  by  separate 
processes,  for  a  description  of  which  the  student  is 
referred  to  the  British  Pharmacopoeia.  These  rarer 
alkaloids  are  not,  however,  always  prepared  by  the 
lengthy  official  processes  of  the  B.  P. ;  they  may  be 
obtained  by  the  following  general  method. 

General  process  for  the  extraction  of 
alkaloids. — (i)  The  crushed  roots,  bark,  leaves, 
fruitSj  or  seeds  are  exhausted  by  maceration  and 
percolation  with  alcohol  containing  tartaric  acid  \ 
tartrates  of  the  alkaloids  being  soluble  in  alcohol. 

(ii)  The  alcohol  is  recovered  by  distillation,  and 
the  soft  extract  left  is  mixed  with  water  to  precipitate 
resinous  matters. 

(iii)  The  liquor  is  filtered  from  precipitated 
resinous  matters,  and  the  alkaloid  precipitated  by  the 
addition  of  sodium  carbonate. 

(iv)  The  precipitated  alkaloid  is  purified  by  solu- 
tion in,  and  crystallisation  from,  a  suitable  solvent, 
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such  as  ether,  chloroform,  or  alcohol.  If  necessary, 
colouring  matter  is  removed  from  the  alkaloid  by 
means  of  animal  charcoal. 

liiquid  volatile  alkaloids. — Conine  (con- 
tained in  the  conium  or  hemlock  plant),  nicotine 
(contained  in  tobacco),  and  pilocarpine  (contained  in 
jaborandi  leaves)  ai'e  liquid  volatile  alkaloids ;  they 
may  all  be  prepared  by  distilling  the  part  of  the  plant 
containing  the  alkaloid  with  a  dilute  solution  of 
caustic  potash,  when  the  alkaloid  is  set  free,  and  being 
volatile  distils  over. 

PTOMAINES  OR  ANIMAL  ALKALOIDS. 

Ptomaines  are  alkaloids  produced  by  the  decomposi- 
tion of  animal  substances.  The  word  ptomame,  which 
is  derived  from  irrw/tto,  a  corpse,  and  inus,  belonging 
to,  was  at  first  restricted  to  alkaloids  produced  by 
cadaveric  decomposition ;  it  is  now  also  employed  to 
designate  alkaloids  of  animal  origin  formed  during 
life  as  the  result  of  chemical  changes  induced  by  some 
agency  or  other  acting  within  the  organism.  The 
term  leucomaine  has  recently  been  introduced  to  dis- 
tinguish the  animal  alkaloids  formed  during  life,  from 
those  produced  by  decomposition  of  dead  animal 
matter.  Such  a  distinction  is,  however,  unnecessary, 
and  it  is  probable  that  in  the  future  the  terms 
ptomaines  and  leucomaines  wiU  be  dropped,  and  that 
these  bases  of  animal  origin  will  be  classed  in  one 
category  as  animal  alkaloids. 

At  the  beginning  of  this  century  the  formation  of 
alkaloids  by  plants  was  clearly  established ;  but  until 
1872  the  power  of  producing  alkaloids  was  believed 
to  be  restricted  to  plants,  and  not  to  be  shared  by 
animal  organisms.  Gautier,  as  the  result  of  his 
researches  on  putrefying  albuminous  substances,  was 
the  first  to  clearly  establish  the  fact  that  plants 
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possess  no  monopoly  of  producing  alkaloids,  but  that 
this  productive  power  is  equally  shared  by  animal 
substances.  The  various  forms  of  albumen  are  the 
common  ancestors  of  alkaloids,  whether  animal  or 
vegetable ;  and  it  is  by  various  changes  in  tlie 
albumen  molecule  that  animal  alkaloids  are  produced. 

The  following  is  a  list  of  the  principal  ptomaines 
that  have  been  extracted  from  putrefying  animal 
matters : — 

Collodiney    CsHuN,    from    putrefying   horseflesh  and 
mackerel. 

Parvoline,   C9H13N,    from    putrefying    horseflesh  and 
mackerel. 

Unnamed  base,   CjoHuN,    from   putrefjong    fibrin  of 

bullock's  blood. 
HjjdroeoUodine,  CgHnjN,  from  putrefying  horseflesh  and 

mackerel. 

Pnitreseine,  C4H,oNo,  from -human  corpses. 

Ne^iridine,   C5H,4N2,    from   human  corpses  and  from 

putrefying  fish  iind  cheese. 
Tyrotoxicon,  C^HgNg,  from  decomposing  cheese,  milk,  and 

cream. 

Cadaverine,  CjHjgNo,  from  human  corpses. 
Neurine,  CbHvjNO,  from  cadaveric  putrefaction. 
Muscarine,  CgHiaNOo,  from  putrid  fish. 
Choline,  CgHj^NOo,  from  cadaveric  putrefaction. 
Qadinine,  CyHjgNOo,  from  putrid  cod-fish. 

The  following  i.s  a  list  of  the  principal  animal 
alkaloids  obtained  from  the  secretions  of  living  beings, 
and  from  fresh  animal  tissues  : — 

Creatinine,  C4H7N3O,  from  urine. 
Pseudoxanthine,  C4HgNgO,  from  urine  and  flesh. 
Sarhine,  C5H4N4O,  from  urine  and  flesh. 
Xanthine,  CgH4N402,  fi'om  urine  and  flesh. 
Orusocreatinin.e,  CBH8N4O,  from  fresh  meat. 
Xanthocreatinine,  C^-^^'^fi,  from  fresh  meat.  . 
Guanine,  CgHgNgO,  from  flesh  and  guano. 
Caroline,  C7H8N4O3,  from  fresh  meat. 
Betanine,  CgHnN02,  from  mine. 
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The  poisonous  effects  of  certain  shell-fish  (mussels, 
etc.)  have  been  shown  to  be  due  to  a  ptomaine  named 
mytiloxine,  CgHjgNOj. 

Animal  alkaloids  have  recently  been  discovered  in 
connection  with  some  of  the  infectious  fevers.  From 
the  ft^ces  of  a  cholera  patient  an  animal  alkaloid  has 
been  obtained,  apparently  identical  with  one  extracted 
from  cultivations  of  Koch's  cholera  bacillus.  From 
cultivations  of  the  typhoid  bacillus,  from  the  viscera 
of  a  patient  dying  of  typhoid  fever,  and  from  the 
urines  of  typhoid  patients,  small  quantities  of  animal 
alkaloids  have  been  extracted.  From  the  urine  of 
scarlet  fever  patients  an  animal  alkaloid  in  small 
amount  has  been  extracted. 
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CHAPTER  X. 

COMPOUND  AMMONIAS. 

Amines — Triniethylamine— Aniline —  Amides — Urea  —  Estimation 
of  Urea  in  Urine — Uric  Acid — Amidic  Acids — Glycocine — 
Hippuric  Acid— Glycocholic  Acid — Sarcosine — Tyrosine — Leu- 
cine— Taurine  — Taiirocholic  Acid. 


Compound  ammonias  are  compounds  derived  from  am- 
monia by  the  displacement  of  part  or  all  of  the  hydrogen 
by  an  organic  radical  or  radicals.  There  are  two  classes 
of  compound  ammonias,  viz.  amines  and  amides.  If 
the  radical  introduced  into  the  ammonia  is  an  alcohol 
or  hydrocarbon  radical,  then  the  resulting  compound 
ammonia  is  an  amine ;  if  the  radical  is  an  acid  one, 
then  the  resulting  compound  ammonia  is  an  amide 
(see  page  350). 

A  primary  amine  is  one  produced  by  the  displace- 
ment of  one-third  of  the  hydrogen  of  the  ammonia  by 
an  alcohol  radical ;  a  secondary  amine  by  the  displace- 
ment of  two-thirds  of  the  hydrogen  ;  a  tertiary  amine 
by  the  displacement  of  all  the  hydrogen.    Thus  :— 


Primary.  Secondary.  Tertiary. 

fCH,  CCHg  CCHg 

N<^  H  ^{  CH3  CH3 

(h  (h  (CH3 

Methylamine.  Dimetbylamine.  Trimethylnmine. 


Very  few  of  the  amines  have,  at  present,  any  medical 
interest. 

rcH3 

Trimethylamine,  N  <  CB.^,  is  a  body  with  a 

(.CH3 
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strong  lishy  odour,  and  is  contained  in  herring-brine. 
It  is  a  deodorant  and  antiseptic,  and  is  employed  in 
the  amines  pi-ocess  for  the  treatment  of  sewage,  which 
consists  in  treating  the  sewage  with  milk  of  lime  and 
herring-brine ;  the  trimethylaniine  contained  in  the 
latter  acts  as  such  an  efficient  deodorant  and  anti- 
septic as  to  yield  a  sterilised  effluent,  and  a  sludge 
which  can  be  dried  without  evolving  smell. 

(O0H5  ^ 

Aniline,   or  phenylauiine,   N<  H     . — This 

(h 

important  amine  is  prepared  by  the  action  of  nascent 
hydrogen  on  niti'obenzene  (CgHgNOo) ;  this  is  generally 
carried  out  by  exposing  nitrobenzene  to  the  action  of 
iron  filings  and  acetic  acid. 

Nitrobenzene.  Hydrogen. 

Aniline,  when  first  prepared,  is  a  colourless  liquid, 
gradually  changing  to  a  brownish  colour  by  exposure 
to  air.  The  aniline  dyes  are  obtained  by  oxidising 
aniline  with  oxidising  agents  of  difierent  degrees  of 
strength. 

Amides. — These  bodies  may  be  derived  from  the 
ammonium  salts  of  organic  acids  by  the  abstraction  of 
water ;  thus  : — 

(C2H3O 

Ammonium  acetate.  Water.  Acetamide. 

They  are  also  obtained  by  the  action  of  ammonia  on 
acid  chlorides  ;  thus  : — 


CCgHg 

=    N<H         +  2H„0 

Aniline.  Water. 
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NH.3    +    aHgO.Cl   =   N^H'         +  HCl 

Ammonia.      t  {Acetyl  chloride.  Acetamide.  Hydrochloric 

acid. 


Urea,  or  carbamiilc  (CH^NgO). — This  im- 
portant amide  occurs  as  a  normal  constituent  of  urine, 
it  being  the  chief  form  in  which  the  waste  or  super- 
fluous nitrogen  of  the  system  is  eliminated.  As  an 
amide,  it  is  derived  from  two  molecules  of  ammonia 
by  displacement  of  two  out  of  the  six  atoms  of 
hydrogen  by  the  bivalent  radical  carbonyl  (CO) ; 
thus  : — 


CO 


"■2 

Ammonia  Urea  or 

(2  molecules)  carbamide. 


The  formula  and  constitution  of  urea  are  more 
conveniently  represented  by  showing  the  bivalent 
carbonyl  radical  (CO)  in  direct  union  with  two  equi- 
valents of  amidogen  (NH,)  ;  thus  : — 


C0<: 


Preparation. — (i)  Urea  may  be  extracted  from 
ui'ine  by  evaporating  the  urine  to  one-sixth  its  bulk, 
adding  strong  nitric  acid,  and  setting  aside  to  cool, 
Avhen  yellowish  crystals  of  the  nitrate  of  urea  are 
deposited  ;  these  are  collected  on  a  filter,  dissolved  in 
boiling  water,  and  barium  carbonate  added  to  form 
barium  nitrate  and  free  urea.  The  whole  is  then 
evaporated  to  dryness  on  a  water-bath,  and  the  dry 
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residue  exhausted  with  boiling  alcohol,  which  dissolves 
out  the  ui-ea,  leaving  the  barium  nitrate  insoluble  ;  the 
filtered  alcoholic  solution,  when  evaporated,  deposits 
crystals  of  urea. 

(ii)  Urea  may  be  prepared  from  its  isomer 
ammonium  cyanate  by  simply  evaporating  a  solution 
of  that  salt  to  dryness  on  a  water-bath  (see  page  394). 

(iii)  Urea  is  obtained  by  heating  ammonium 
carbamate  (NH^NHjCO,),  so  as  to  deprive  it  of  the 
elements  of  water. 


Ammonium  Urea.  Water, 

carbamate. 

(iv)  Urea  can  also  be  obtained  by  the  action  of 
ammonia  on  carbonyl  chloride  (COClg). 


C0<^}    +    2NH3  =  C!0<^|2    +  2HC1 

Cttrbonyl  Ammonia.  Urea.  Hydrochloric 

chloride.  acid. 

(v)  Urea  is  also  produced  by  acting  on  ethyl 
carbonate  ((C2H.)2C03)  with  ammonia. 

^0<aH;0  +  2NH3  =  C0<™^  +  2C3H,HO 

Ethyl  Ammonia.  Urea.  Ethyl 

carbonate.  alcohol. 

Properties. — Urea  occurs  in  transparent  colour- 
less crystals,  soluble  in  water  and  alcohol ;  under  the 
influence  of  heat  .it  evolves  ammonia,  pi-oducing  at 
first  cyanuric  acid,  and  finally  cyanic  acid  (see  p.  394). 
Urea  is  neutral  to  test-paper,  but  if  urine  is  exposed 
to  the  air  it  soon  becomes  alkaline,  from  conversion 
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of  the  urea  into  ammonium  carbonate,  which  is  formed 
by  the  union  of  urea  with  the  elements  of  water. 

CH.N.O    +    2H2O    =  (NH4).C0, 

Urea.  Water,  Ammonium 

carbonate. 

Urea  is  instantaneously  decomposed  by  nitrous 
acid  j  carbon  dioxide  and  nitrogen  being  evolved. 

+   2HN0.   =    COo   +  +  SHoO 

Urea.  Nitrous  Carbon      Nitrogen.  Water, 

acid.  dioxide. 


It  is  also  decomposed  by  the  hypobromites  and 
hypochlorites  with  evolution  of  carbon  dioxide  and 
nitrogen ;  thus  sodium  hypobromite  (NaBrO)  in 
presence  of  urea  is  reduced  to  sodium  bromide  (NaBr), 
its  oxygen  oxidising  the  carbon  and  hydrogen  of  the 
urea  to  carbon  dioxide  and  water  respectively,  the 
nitrogen  being  set  free. 


CH^NoO    +    3NaBrO  =    3NaBr    +    COg  + 

Urea,  Sodium  Sodium  Carbon 

hypobromite.  bromide.  dioxide. 

Ng          +  2H2O 

Nitrogen.  Water. 


l]stimatioii  of  urea  in  urine. — Hyj)obromite 
process.  This  process  consists  in  decomposing  the 
urea  in  a  measured  quantity  of  urine  by  means  of 
sodium  hypobromite,  an  excess  of  free  caustic  soda 
being  present  in  the  hypobromite  solution,  so  that  the 
carbon  dioxide  is  absorbed  by  it,  and  only  the  nitrogen 
is  evolved ;  the  volume  of  nitrogen  evolved  is  then 
measured.  The  apparatus  (Fig.  36)  consists  of  a  bottle  A, 
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into  which  25  c.c.  of  a  strongly  alkaline  solution  of 
sodium  hypobromite  are  introduced ;  into  this  is 
carefully  lowei-ed  a  small  test  tube  h  containing  5  c.c. 
of  the  urine  to  be  examined,  care  being  taken  not  to 
spill  any  of  the  urine  into  the  hypobromite  solution. 
Tiie  bottle  A  is  then  connected  by  means  of  a  perforated 


Fig.  36. — Apparatus  for  the  Estimation  of  Urea  in  Urine  by  the  Hypo- 
bromite Process. 

cork  and  india-rubber  tubing  with  the  graduated  tube  B, 
which  in  its  turn  is  connected  with  a  movable 
reservoir  of  water  c ;  before  the  commencement  of 
each  experiment,  the  water  in  b  is  adjusted  so  as  to  be 
at  the  zero  mark. 

The  bottle  a  is  then  inclined  to  one  side,  so  as  to 
allow  the  urine  contained  in  the  small  tube  h  to  flow 
into  the  hypobromite  solution,  when  the  urea  is 
immediately  decomposed  into  carbon  dioxide,  nitrogen, 
and  water ;  the  carbon  dioxide  is  instantly  absorbed 
by  the  caustic  soda  present  in  the  solution,  and  only 
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the  nitrogen  escapes  with  effervescence.  Whatever 
the  amount  of  nitrogen  evolved,  there  will  be  an  equal 
volume  of  the  air  contained  in  the  apjiaratus  forced 
over  into  the  measuring  tube  B,  where  the  amount  can 
be  read  off,  and  from  its  volume,  the  amount  of  urea 
contained  in  the  5  c.c.  of  urine  can  be  determined. 
Employing  5  c.c.  of  urine  in  connection  with  each 
estimation,  the  tube  B  is  so  graduated  that  the 
numbers  1,  2,  3,  etc.,  marked  on  it  represent  1,  2,  and  3 
per  cent,  of  urea  in  the  urine. 

Uric  acid  (C-H^N^Og)  is  also  known  as  lithic 
acid.  Uric  acid  is  a  normal  constituent  of  urine,  in 
which  it  exists  as  the  urates  of  sodium,  potassium, 
ammonium,  and  calcium.  Sodium  urate  constitutes 
the  gouty  concretions  in  joints,  commonly  known  as 
chalk-stones.  Uric  acid  is  obtained  from  urine  by  the 
addition  of  strong  hydrochloric  acid,  when,  on  stand- 
ing, crystals  of  uric  acid  are  deposited  ;  prepared  in 
this  manner,  uric  acid  crystals  always  contain  some  of 
the  colouring  matter  of  the  urine,  the  colour  of  the 
crystals  varying  from  pale  yellow  to  brown. 

Test. — If  a  few  drops  of  strong  nitric  acid  be 
added  to  some  solid  uric  acid  in  a  dish,  and  heat  gently 
applied  until  all  the  nitric  acid  be  driven  off,  a  reddish 
coloured  residue  (alloxan)  will  be  left.  If,  when  the  dish 
is  cold,  a  few  drops  of  solution  of  ammonia  are  added  to 
this,  a  beautiful  crimson  purple  colour  is  developed, 
due  to  the  production  of  murexid  by  the  action  of  the 
ammonia  on  alloxan.  This  test  for  uric  acid  is,  on 
this  account,  known  as  the  murexid  test, 

Amidic  Acids. 

These  are  derivatives  of  organic  acids,  in  which 
hydrogen  is  displaced  by  amidogen  (NHj),  or  by  an 
amidogen  derivative.  Several  of  the  amidic  acids  are 
of  physiological  and  pathological  importance. 
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Olycocinc,  glycine,  ;i:lycocoll,  or  aniid- 
acetic  acid  |^^|J™2l— This  body  consists  of 

acetic  acid  -j  QQ_gQ  from  the  molecule  of  which  one 

atom  of  hydrogen  has  been  displaced  by  amidogen. 
It  may  be  obtained  by  the  action  of  ammonia  on 
chloracetic  acid. 

\COHO  +  ™3  -  (cOHO  + 

Chloracetic      Ammonia.  Amidacetic  Hydrocbloric 

acid.  acid.  acid. 

Glycocine  enters  into  the  composition  of  hippuric 
acid  and  of  glycocholic  acid,  one  of  the  bile  acids. 

Hippuric   acid  {coHO^'^'""'^^ 
amidacetic  acid,  and  is  resolved  by  boiling  with  strong 
hydrochloric  acid  into  benzoic  acid  and  glycocine. 

rCH^CNRC^H^O)      ,HO-HCHO  + 

Hippuric  acid.  Water.  Benzoic  acid. 

(-CH2(NH,) 
ICOHO 

Glycocine. 

Olycocholic  acid,  present  as  sodium  glyco- 
cholate  in  bile,  is  a  compound  of  glycocine  and  cholic 
acid  ;  by  boiling  glycocholic  acid  with  hydrochloric 
acid  it  splits  up  into  glycocine  and  cholic  acid. 

Sarcosine  or  methyl-glyco-  rCHn(NH.CH3) 
cine  \COHO 
— This  body  is  glycocine,  from  which  one  atom  of 
hydrogen  of  the  amidogen  has  been  displaced  by 
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methyl.  Since  glycocine  is  prepared  by  acting  on 
chloracetic  acid  with  ainmoniaj  so  sarcosine  may  be 
made  by  acting  on  chloracetic  acid  with  methylamine, 
that  is,  with  ammonia  from  which  one  atom  of  hydro- 
gen has  been  displaced  by  methyl. 


rCH2.Cl  /CH,(NH.CH3)  , 

Chloracetic       Methylatnine.  Sarcosine. 
acid. 

HCl 

Hydrochloric  acid. 


Sarcosine  is  not  met  with  in  the  animal  body,  but  is 
a  product  of  the  decomposition  of  creatine. 

Tyrosine  (CgH^^NOg). — This  body  consists  of 
amido-propionic  acid  from  which  one  atom  of  hydi-ogen 
of  the  amidogen  has  been  displaced  by  the  radical 
oxyphenyl  (CgHjO). 


/aH,(NH,.)  rC2H4(NH.C6H,0) 

\COHO  \COHO 

Amido-propionic  Tyrosine, 
acid. 


Tyrosine  is  occasionally  found  in  the  urine  together 
with  leucine  in  connection  with  certain  diseases  of  the 
liver. 

L.eiicme  or  amido-caproic  acid|^^^'^^"^-\ 

rc  H 

— This  body  consists  of  caproic  acid  -j  qqjjq)  fi'om  the 

molecule  of  which  one  atom  of  hydrogen  has  been 
displaced  by  amidogen.  It  is  obtained  by  the  action 
of  ammonia  on  bromo-caproic  acid. 
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tcOHO     +  ^-"3  -  \.CORO         +  ^^'^ 

Bromo-caproic    Ammouia.  Lsucine.  Hydrobromio 

acid.  acid. 

Leucine  is  occasionally  found  in  the  urine  in 
connection  with  certain  diseases  of  the  liver  ;  it  is  one 
of  the  antecedents  of  urea. 

Taiu'ine  or  amido-isethioiiic  CC2E[4(NH,) 
acid  |S03(H0)" 
occurs  in  bile  in  union  "svith  cholic  acid  as  taurocholic 
acid. 
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GLUCOSIDE8 — PROTEIDS. 

Amygdalin—  Cathartic  Acid — Colocynthin —  Digitalin— Jalapin — 
Myronic  Acid — Salicin — Santonin — Proteids — Albumins — Glo- 
bvdins — Fibrin — Modified  Albumins — Peptones — Albuminoids. 

GLUCOSIDES. 

These  are  certain  organic  substances  (either  nitro- 
genous or  non-nitrogenous)  derived  from  plants,  and 
splitting  up,  when  boiled  with  dilute  sulphuric  acid, 
or  under  the  influence  of  a  ferment,  into  glucose  and 
some  other  substance  or  substances. 

Ainyg-daliii  (CooHo^NOi^). — This  is  a  white  crys- 
talline substance  present  in  bitter  almond  seeds,  cherry- 
laurel  leaves,  and  the  kernels  of  peaches,  cherries,  etc. 
Amygdalin  is  resolved,  by  boiling  with  dilute  sulphuric 
acid,  into  essential  oil  of  bitter  almonds  (benzoic  alde- 
hyde), hydrocyanic  acid,  and  glucose.  The  same 
change  is  also  produced  by  the  action  of  a  ferment 
named  emulsin  or  synaptase,  which  is  present  together 
with  amygdalin  in  bitter  almond  seeds,  cherry  laurel 
leaves,  and  the  kernels  of  peaches,  cherries,  etc. 
This  ferment  is  unable  to  act  upon  the  amygdalin 
vuiless  dissolved  in  water. 

+  2H3O  =  CyHgO  +  HON  +  2C6H12O6 

Amygdalm.  Water.       Essential    Hydrocyanic  Glucose 

oil  of  acid, 
bitter  almonds. 

Cathartic  acid  (C^goH^ggN^SOg,). — This  very 
complex  glucoside  exists  in  senna  leaves,  of  which  it  is 
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the  active  purgative  principle  ;  it  is  decomposed  by 
boiling  with  dilute  sulphuric  acid  into  glucose  and  a 
sivbstance  named  cathartogeiiic  acid. 

Colocyiithiii  (C5gHg.j023). — This  substance  is  the 
active  purgative  principle  of  colocynth  pulp  ;  it  is 
decomposed  by  boiling  with  dilute  sulphuric  acid  into 
glucose  and  a  resinous  substance. 

Di^taliu  (Oo-HjjO^j). — This  glucoside  is  the 
active  principle  of  digitalis  leaves ;  by  boiling  with 
dilute  sulphuric  acid,  it  is  decomposed  into  glucose, 
and  a  substance  named  digitaliretin. 

Jalapin  (Cg^Hj^O^p). — This  substance  is  the 
active  purgative  principle  of  jalap  root ;  it  is  decom- 
posed by  boiling  with  dilute  sulphuric  acid,  into  glucose 
and  a  substance  named  jalapinol. 

Myronic  acid  (C^QH^gNSoO^Q).— This  acid  exists 
as  a  potas.sium  salt  in  black  mustard  seeds  ;  the  salt 
is  decomposed  by  boiling  with  dilute  si;lphuric  acid, 
and  also  by  the  action  of  a  ferment  myrosin  likewise 
contained  in  black  mustard  seeds,  into  volatile  oil  of 
mustard  (allyl  sulphocyanate),  glucose,  and  potassium 
acid  sulphate. 

KCioHigNSPn,  =  C3H5.CNS  +  CfiHioOg  +  KHSO4 

Potassium  Allyl  Glucose.  Potassium 

myronate.  sulphocyauate.  acid  sulphate. 

Saliciu  (C^gH^gO^). — This  is  a  crystalline  bitter 
principle  contained  in  the  leaves  and  bark  of  the 
willow  ;  it  is  resolved  by  boiling  with  dilute  sulphuric 
acid  into  glucose  and  a  substance  named  saligenin. 

+    H3O    =    CeHioOg    +  C^HgOg 

Solicin.  Water.  Glucose.  Saligeniu. 

Sautonin  (CijHigOg). — This   glucoside   is  the 
active  principle  of  .santonica  ;  it  is  resolved  by  boiling 
EE— 32 
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with  dilute  sulphuric  acid  into  glucose  and  a  substance 
named  santoniretin. 

PROTEIDS. 

These  substances  are  present  in  blood,  muscle,  and 
the  various  organs  and  tissues  of  man  and  animals ; 
they  are  also  present  in  vegetables  and  plants. 
Proteids  contain  from  15  to  16  per  cent,  of  nitrogen, 
and  small  quantities  of  sulphur  and  phosphorus. 

1.  Albumins. — Proteids  soluble  in  pure  water. 

Serum  albumin. — This  is  contained  in  blood 
serum  ;  it  is  soluble  in  water,  and  the  solution  is 
coagulated  by  heat ;  it  is  precipitated  by  strong  nitric 
acid,  but  is  soluble  in  a  large  excess  of  the  acid.  It  is 
not  precipitated  by  sodium  chloride,  by  acetic  acid, 
or  by  ether. 

Egg  albumin. — This  differs  from  the  above  in 
that  it  is  precipitated  by  ethex',  and  that  it  is  insoluble 
in  excess  of  strong  nitric  acid. 

Plant  albumin. — This  occurs  in  most  vegetable 
juices ;  it  is  coagulated  by  heat,  and  bears  a  close 
resemblance  to  egg  albumin. 

2.  Globulins. — Proteids  insoluble   in  pure  water, 

but  soluble  in  dilute  saline  solutions,  such  as  a 
dilute  solution  of  sodium  chloride. 

Globulin. — This  body  is  a  constituent  of  the 
aqueous  and  vitreous  humours  of  the  eye.  It  is  pre- 
cipitated from  its  dilute  solutions  by  passing  a  stream 
of  carbon  dioxide  through  them,  also  by  the  addition 
of  alcohol ;  its  solution  is  coagulated  by  heat. 

Paraglobulin. — This  body  is  a  constituent  of 
blood  serum,  from  which  it  may  be  precipitated  by 
complete  saturation  of  the  serum  with  magnesium 
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sulphate.  It  is  precipitated  from  dilute  saline  solu- 
tions by  the  addition  of  a  small  quantity  of  sodium 
chloride  ;  on  the  addition  of  more  sodium  chloride  the 
precipitate  redissolves,  to  be  again  precipitated  when 
the  amount  of  sodium  chloride  added  reaches  about 
20  per  cent.  It  can  also  be  precipitated  from  diluted 
blood  serum  by  passing  a  stream  of  carbon  dioxide 
through  the  latter.    Its  solution  is  coagulated  by  heat. 

Fibrinogen— This  body  is  a  constituent  of 
blood. 

Hienioglobln. — This  body  is  contained  in  red 
blood  corpuscles,  of  which  it  constitutes  the  colouring 
matter. 

Myosin. — This  body  is  contained  in  muscle. 

3.  Fibrin. — The  proteid  substance  to  which  the  clot- 

ting of  blood  is  due ;  it  is  insoluble  in  water. 

4.  Modified   or    Derived    Albumins.  —  Proteids 

insoluble  in  water  and  dilute  neutral  saline 
solution,  but  soluble  in  dilute  acids  and  alkalies. 

Acid  albumin  or  syiitonin. — This  body  is 
obtained  by  gradually  heating  a  weak  solution  of 
albumin  with  a  small  quantity  of  hydi-ochloric  acid. 

Alkali  albumin  or  casein. — This  body  is 
obtained  by  gradually  heating  a  weak  solution  of 
albumin  with  a  small  quantity  of  a  caustic  alkali.  It  is 
one  of  the  constituents  of  milk. 

5.  Peptones. — Proteids  soluble  in  water,  not  coag- 

ulated by  heat,  and  very  diffusible.  They  are 
obtained  by  the  action  of  the  peptic  and  pan- 
creatic ferments  on  albumins,  etc. 

6.  Albuminoids  or  Allied  Albumins. —  Proteids 

occurring  in  epithelial  and  connective  tissues. 

Mucin. — This  body  is  insoluble  in  cold  water. 
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but  soluble  in  alkaline  solutions,  from  which  it  is  pre- 
cipitated by  the  addition  of  acetic  acid  ;  it  is  not 
coagulated  by  heat. 

Gelatin. — This  body  is  insoluble  in  cold,  but 
soluble  in  hot  water,  the  solution  setting  to  a  jelly  on 
cooling ;  it  is  not  precipitated  by  acetic  acid. 

Chondrin. — This  body  is  soluble  in  hot  water, 
the  solution  setting  to  a  jelly  on  cooling ;  it  is  precipi- 
tated by  acetic  acid. 
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RAREE  ORGANIC  COMPOUNDS. 

Antifebrine — Antipyrine — Caflfeine  or  Theine — Chrysophanic  Acid 
— Hypnone  — Ichthyol — lodol — lodo-Salicylic  Acids  —  Kairine 
— Naphthalene —  Naphthol —  Saccharine — Salol  —  Sulphonal — 
Urethane. 

Antifebrine  (NH.C2H3O.CgH5).  —  This  sub- 
stance is  also  known  as  acetanilide  and  phenyl- 
acetamicle.  It  consists  of  acetamide  (NHn.CH^O), 
from  the  molecule  of  which  one  atom  of  hydi-ogeu  has 
been  displaced  by  the  phenyl  i-adical  (CgHg).  It  is 
obtained  by  the  action  of  acetyl  chloride  on  aniline. 

NHo.CgH.  +  C2H3OCI  =  NRCaHaCCfiHg  +  HCl 

Aniline.  Acetyl  Antifebrine.  Hydro- 

chlorido.  chloric 

acid. 

Antifebrine  occurs  in  small,  white,  odourless  crystals, 
almost  insoluble  in  cold  water,  but  freely  soluble  in 
alcohol ;  it  is  an  antipyretic. 

Antipyrine. — This  is  a  rather  complex  benzene 
derivative,  prepared  from  aniline,  aceto-acetic  ether, 
and  methyl  iodide.  It  is  a  white  crystalline  powder, 
I'eadily  soluble  in  water  ;  it  is  an  antipyretic. 

Caffeine  or  theine  (CgH^oNjOj)- — This  sub- 
stance is  an  alkaloid  occurring  in  tea  leaves  and  coffee 
seeds.  It  is  used  in  medicine  in  the  form  of  the 
citrate  of  caflfeine,  a  white  powder  readily  soluble  in 
water. 

Chrysophanic  acid. — This  substance  is  also 
known  as  jnur^  chrysarohin  ;  it  occurs  in  araroba  or 
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goa  powder,  and  in  rhubarb  root.  It  crystallises  in 
bright  golden-yellow  needles. 

Hypnonc. — This  body  is  phenyl-metliyl-kctone  ; 
that  is,  it  consists  of  CO  in  union  with  the  phenyl 
and  methyl  radicals  ;  thus  : — 

Hypuone. 

It  is  obtained  by  distillation  from  a  mixture  of  ben- 
zoate  of  calcium  and  acetate  of  calcium.  At  ordinary 
temperatures  it  is  a  colourless  liquid,  but  below  14°  C. 
it  crystallises  in  white  needles.  It  is  insoluble  in 
water,  but  soluble  in  alcohol. 

Iclitliy4»l. — This  substance  is  an  ammonium  salt 
of  sulpho-ichthyolic  acid.  It  is  obtained  by  treating 
the  products  of  distillation  of  a  bituminous  quartz 
with  sulphuric  acid,  and  neutralising  the  sulpho- 
ichthyolic  acid  so  produced  with  ammonia.  The  strata 
from  which  the  bituminous  quartz  is  obtained  contain 
the  remains  of  fishes  and  other  animals,  and  the  deposit 
])robably  consists  of  their  decomposed  and  altered 
remains.  No  definite  chemical  composition  can  be 
assigned  to  ichthyol. 

lodol. — This  substance  is  tetra-iodo-pyrrol 
(C^HIjN);  that  i.s,  it  is  pyrrol  (C^HsN),  from  the 
molecule  of  which  four  atoms  of  hydrogen  have  been 
displaced  by  four  atoms  of  iodine. 

It  is  obtained  by  the  action  of  iodine  on  pyrrol, 
Avhich  is  an  oily  liquid  contained  in  bone-oil,  produced 
by  the  dry  or  destructive  distillation  of  bones. 

lodol  is  a  brownish-white  powder,  insoluble  in 
water,  but  soluble  in  glycerine,  alcohol,  ether,  and 
chloroform.    It  is  used  as  an  antiseptic. 

lodo-salicyiic  acid  and  di-iodo-sa!icylic 
acid.— These  bodies  consist  of  salicylic  acid,  from 
which  hydrogen  has  been  displaced  ]:»y  iodine. 


Chap.  XII.]    Rarer  Organic  Compounds.  471 


Salicylic  acid        ...  C7Hg03 
lodo-salicylic  acid  ...  C7H5IO3 
Di-iodo-Siilicylic  acid  C7H4I2O3 

Kairiiie. — This  substance  is  the  hydrochlorate  of 
a  complex  benzene  derivative.  It  is  a  white  crystal- 
line powder,  freely  soluble  in  water,  and  possessing  a 
very  bitter  and  nauseous  taste. 

Naphtlialeno  (Cj^Hy). — This  is  a  hydrocarbon, 
obtained  as  a  bye-product  in  the  preparation  of  coal 
gas ;  it  occurs  in  white,  shining,  crystalline  plates, 
insoluble  in  water^  but  soluble  in  alcohol  and  ether. 
It  is  an  antiseptic. 

l\aplitliol  (Ci„H-.HO). — Two  isomeric  modifica- 
tions, a-naphthol  and  /3-naphthol,  exist ;  they  are 
derivatives  of  naphthalene,  from  the  molecule  of 
which  one  atom  of  hydrogen  is  displaced  by  hydro xyl. 
Naplithol  occurs  in  white  shining  crystals,  sparingly 
soluble  in  water,  but  soluble  in  alcohol  and  ether ;  it 
is  a  powerful  antisejjtic. 

Saccharine. — This  substance  is  a  benzene  deri- 
vative, obtained  from  toluene.  It  occurs  as  a  white, 
minutely  crystalline  powder,  v/ith  an  intensely  sweet 
taste ;  it  is  slightly  soluble  in  water,  and  much  more 
soluble  in  alcohol. 

Salol. — This  substance  is  salicylic  phenol,  that  is, 
phenol  (CgHjHO),  fi-om  the  molecule  of  which  one 
atom  of  hydrogen  is  displaced  by  the  salicylic  radical 
(C7H5O2);  thus:— 

CeH,.(C,H50,)H0 

Salol. 

It  is  a  white  crystalline  substance,  insoluble  in  water, 
but  soluble  in  alcohol ;  it  possesses  antiseptic  and 
antipyretic  properties. 

Siilplioiial. — This  body  is  a  derivative  of  meth- 
ane (CHj),  from  the  molecule  of  which  two  atoms  of 
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hydrogen  are  displaced  by  two  equivalents  of  metliyl 
(CHg),  and  the  other  two  atoms  by  two  equivalents  of 
the  ethyl  sulphonic  acid  radical  (CjHj.SOo) ;  the  con- 
stitution of  sulphonal  is  therefore  diethylsulphon- 
dimethyl  methane,  thus  : — 

CH3\  ySOg.CoHg 
C 

Sulphonal. 

It  is  produced  by  the  oxidation  of  a  mixture  of 
ethyl-niercaptan  and  acetone.  It  occurs  in  white 
tabular  crystals,  tasteless  and  odourless,  slightly 
soluble  in  water,  and  freely  soluble  in  alcohol  and 
ether.    It  is  a  hypnotic. 

Urctliaiic  (CoHjNH.jCOo). — This  substance  is 
ethyl  carbamate  ;  it  occurs  in  colourless  crystals, 
readily  soluble  in  water.    It  is  a  hypnotic. 
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CHEMICAL.  PROBLEMS. 

In  this  section  of  the  book  ilhistrations  will  be  given 
of  the  modes  of  working  out  the  various  chemical 
problems,  which  for  the  sake  of  convenience  will  be 
arranged  in  three  groups,  viz.  :  -  Group  I.  Chemical 
problems  involving  weight  calculations  only.  Group 
II.  Chemical  problems  involving  both  Aveight  and 
volume  calculations.  Group  III.  Chemical  problems 
involving  volume  calculations  only. 

Group  I. — Chemical  Problems  involving  Weight 
Calculations  only. 

1.  How  many  pounds  of  oxygen  can  be 
obtained  from  100  lbs.  of  potassium 
chlorate  1 

The  equation  representing  the  effect  of  heat  upon 
potassium  chlorate  shows  that  all  the  oxygen  is 
evolved. 

KCIO3  =  KCl  +  O3 

The  molecular  weight  of  potassium  chlorate  is  next 
calculated. 

K  =39 
CI  =  35-5 

O3  =    16    X    3    =  48 


122-.5 
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From  this  it  is  evident  that  122'5  parts  by  weight 
of  potassium  chlorate  contain  48  parts  by  weight  of 
oxygen,  and  since  all  the  oxygen  is  evolved  by  heat, 
therefore  122.5  parts  by  weight  of  potassium  chlorate 
will  evolve  48  parts  by  weight  of  oxygen,  and  there- 
fore 122-5  lbs.  of  potassium  chlorate  will  evolve  48  lbs. 
of  oxygen.  If  48  lbs.  of  oxygen  can  be  obtained  from 
122"5  lbs.  of  potassium  chlorate,  how  many  lbs.  of 
oxygen  can  be  obtained  from  100  lbs.  of  potassium 
chlorate  ? 

122-5  :  100  :  :  48  :  x. 

X  =  39-1 8,  the  number  of  lbs.  of  oxygen  that  can  be  obtained 
from  100  lbs.  of  potassium  chlorate. 

"i.  How  many  {^^ramincs  of  carbon  di- 
oxide are  evolved  by  heating:  120  g^ranimes 
or  caieinin  carbonate? 

The  equation  representing  the  effect  of  heat  upon 
calcium  carbonate  shows  that  one  molecule  of  calcium 
cai'bonate  evolves  one  molecule  of  carbon  dioxide. 

OaCO.,    =    CaO    +  CO, 

The  molecular  weights  of  these  two  bodies  are 
next  calculated. 

Ca  =  40        0  =  12 

C  =12         O2  =   16    X    2  =  32 

0,    =    16    X    3   =  48  — 

'    44 

100 

From  these  weights  it  is  evident  that  100  parts  by 
weight  of  calcium  carbonate  evolve  44  parts  by  weight 
of  carbon  dioxide,  and  tlierefore  44  grammes  of  carbon 
dioxide  are  obtainable  from  100  grammes  of  calcium 
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carbonate.  Therefore,  how  many  grammes  of  carbon 
dioxide  will  be  evolved  from  120  grammes  of  calcium 
carbonate  ? 

100  :  120  :  :  44  :  « 

X  =  52"80,  the  number  of  grammes  of  carboa  dioxide  evolved 
by  heating  120  gi-ammes  of  calcium  carbonate. 

3.  flow  many  grains  of  sulplinr  dioxide 
arc  evolt^ed  by  the  action  of  150  g^rains  of 
sulpiiuric  acid  on  copper  1 

The  equation  representing  the  action  of  sulphuric 
acid  on  copper  shows  that  one  molecule  of  sulphur 
dioxide  is  evolved  from  two  molecules  of  the  acid. 

Cu    +    2H2SO^    =    CuSO,^    +    SO,    +  2H2O 

Twice  the  molecular  weight  of  sulphuric  acid,  and 

the  molecular  weight  of  sulphur  dioxide  are  next 
calculated. 

H.,  =  1  X  2  =  2  S  =32 
S'                        =32         O2  =   16    X    2   =  32 

O4  =   16    X    4   =r  64  — 

—  64 

98 

.-.  2H2SO4    =    98    X    2    r=  196 

From  these  weights  it  is  evident  that  64  parts  by 
weight  of  sulphur  dioxide  are  evolved  from  196  parts 
by  weight  of  siilphuric  acid,  by  the  action  of  that  acid 
on  copper,  and  therefore  64  grains  of  sulphur  dioxide 
are  evolved  from  196  grains  of  sulphuric  acid.  There- 
fore, how  many  grains  of  sulphur  dioxide  will  be 
evolved  from  1.50  grains  of  sulphuric  acid,  under 
similar  conditions  ? 
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196  :  150  : :  64  :  a; 


a;  =  48"97,  the  number  of  grains  of  sulphur  dioxide  evolved 
by  the  action  of  150  grains  of  sulphuric  acid  on 
copper. 

4.  How  many  pounds  of  sodium  carbon- 
ate are  required  to  precipitate  100  lbs.  of 
calcium  chloride  1 

The  equation  representing  the  action  of  sodium 
carbonate  on  calcium  chloride  shows  that  one  molecule 
of  sodium  carbonate  is  required  to  precipitate  one 
molecule  of  calcium  chloride. 


CaClo    +    NaoCO.,    =    CaCO.^    +  2NaCl 


Tlie  molecular  weights  of  calcium  chloride  and 
sodium  carbonate  are  next  calculated. 


From  these  weights  it  is  evident  that  106  parts  by 
weight  of  sodium  carbonate  are  required  to  precipitate 
111  parts  by  weight  of  calcium  chloride,  and  therefore 
106  lbs.  of  sodium  carbonate  are  required  to  precipitate 
111  lbs.  of  calcium  chloride.  Therefore,  how  many 
pounds  of  sodium  carbonate  will  be  required  to  pre- 
cipitate 100  lbs.  of  calcium  chloride  1 


Ca  =  40 

Clo  =  35-5   X   2  =  71 


Naa  =  23  x  2  =  46 
C  12 
Os    =  16    X    3  =  48 


111 


106 


111  :  100  : :  106  :  x 


X  —  9o'49,  the  number  of  pounds  of  sodium  carbonate  re- 
quired to  precipitate  100  lbs.  of  calcium  chloride. 
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.3.  llow  many  ^faiiiiiics  of  nitric  acid  are 
rcqiiii-iMl  to  convert  150  gframuies  of  copper 
into  copper  nitrate  \ 

The  equation  representing  the  action  of  nitric  acid 
on  copper  shows  that  eight  molecules  of  nitric  acid 
are  required  to  convert  3  atoms  of  copper  into  copper 
nitrate. 

Cug  +   8HNO3  =  3Cu(N03)2  +  N3O2  +  4H3O 

Eight  times  the  molecular  weight  of  nitric  acid, 
and  three  times  the  atomic  weight  of  copper  are  next 
calculated. 

H  =  1 

N  =14 

O3  =  16    X    3  =  48       Cii3  =  63-5    x    3  =  190-5 
63 

.-.  8HNO3    —    63     X     8    =  504 

From  these  weights  it  is  evident  that  504  parts  by 
weight  of  nitric  acid  are  requii-ed  to  convert  190-5 
pai-ts  by  weight  of  copper  into  copper  nitrate,  and 
therefore  that  504  grammes  of  nitric  acid  are  required 
to  act  upon  190-5  grammes  of  copper.  Therefore, 
how  many  grammes  of  nitric  acid  will  be  required  to 
act  upon  150  grammes  of  copper? 

190-5  :  150  ::  504  :  x 

X  —  396-85,  the  number  of  grammes  of  nitric  acid  required 
to  convert  150  grammes  of  copper  into  copper 
nitrate. 


6.  How  many  kilog^rammes  of  mercnric 
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io<li(lc  can  l»c  prepared  from  10  kilo- 
graiiiincs  of  mercuric  clilori<le  1 

The  equation  representing  the  preparation  of  mer- 
curic iodide  from  mercuric  chloride  shows  that  one 
molecule  of  mercuric  iodide  is  prepared  from  one 
molecule  of  mercuric  chloride. 

HgCl,    +    2KI    =    Hgl,    +  2KC1 

The  molecular  weights  of  mercuric  chloride  and 
mercuric  iodide  are  next  calculated. 

Hg  =:  200       Hg  200 

CI2  =  35-5    X   2  =    .71        I2  =  127   X   2  =  254 

271  454 

From  these  weights  it  is  evident  that  454  parts  by 
weight  of  mercuric  iodide  are  prepared  from  271  parts 
by  weight  of  mercuric  chloride,  and  therefore  that  454 
kilogrammes  of  mercuric  iodide  would  be  prepared 
from  271  kilosrrammes  of  mercuric  chloride.  There- 
fore,  bow  many  kilogrammes  of  mercuric  iodide  can 
be  prepared  from  10  kilogrammes  of  mercuric  chloride  ? 

271  :  10  :  :  454  :  a; 

X  =  16'75,  the  number  of  kilogrammes  of  mercuric  iodide 
that  can  be  prepared  from  10  kilogrammes  of 
mercuric  chloride. 

7.  Calculate  the  percenta§:e  of  sulphur 
in  sulphuric  acid. 

The  molecular  weight  of  sulphuric  acid  is  first 
calculated. 
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H..  =  1 
S 

O4    =  16 


X     2    =  2 
=  32 
X     4    =  64 

98 


From  this  molecular  weight  it  is  evident  that  98 
parts  by  weight  of  sulphuric  acid  contain  32  pai'ts  by 
weight  of  sulphur.  Therefore,  what  amount  of  sul- 
phur will  100  parts  of  sulphuric  acid  contain] 

98  ;  100  :  :  32  :  a; 
.r  =  32*6o,  the  percentage  of  sulpliur  in  sulphuric  acid. 

8.  Calculate  the  |>ei'ceiitag:e  of  iron  in 
ferric  oxide. 

The  molecular  weight  of  ferric  oxide  is  first  calcu- 
lated. 

Fe.,    =    56    X  2  112 

O3"    =z    16    X  3    —  48 

160 

From  this  molecular  weight  it  is  evident  that  160 
parts  by  Aveight  of  ferric  oxide  contain  112  parts  by 
weight  of  iron.  Therefore,  what  amount  of  iron  will 
100  parts  of  ferric  oxide  contain  ? 

160  :  100  : :  112  :  x 
X  =  70-00,  the  percentage  of  iron  in  ferric  oxide. 

9.  Calculate  the  percentag^e  of  carbon  in 
starch. 

The  molecular  weight  of  starch  is  first  calculated. 

C„  =  12  X  6  =  72 
Hjo  =  1  X  10  =  10 
0,    =    16    X      5    =  80 


162 
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From  this  molecular  weight  it  is  evident  that  162 
parts  by  weight  of  starch  contain  72  parts  by  weight 
of  carbon.  Therefore,  what  amount  of  carbon  will 
1 00  parts  of  starch  contain  1 

162  :  100  : :  72  :  x 
X  —  44*44,  the  percentage  of  carbon  in  starch. 

10.  Calculate  the  percentage  of  nitrog^en 
ill  urea. 

The  molecular  weight  of  urea  is  first  calculated. 

C  =12 

H4  =     1    X    4  =  4 

N,  =    14    X    2    =  28 

0"  =  16 

60 

From  this  molecular  weight  it  is  evident  that 
60  parts  by  weight  of  urea  contain  28  parts  by  weight 
of  nitrogen.  Therefore,  what  amount  of  nitrogen  will 
be  contained  in  100  parts  of  urea^ 

60  :  100  : :  28  :  a; 
X  =  46-66,  the  percentage  of  nitrogen  in  urea. 

11.  Calculate  the  percentag:e  of  chlorine 
in  chloroform. 

The  molecular  weight  of  chloroform  is  first  calcu- 
lated. 

0  =12 
H  =1 
CI3   =   35-5    X    3    =  106-5 


119-5 
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From  this  molecular  weight  it  is  evident  that 
119-5  parts  by  weight  of  chloroform  contain  106*5 
parts  by  weight  of  chlorine.  Therefore,  what 
amount  of  chlorine  will  be  contained  in  100  parts  of 
chloroform  1 

119-0  :  100  : :  106-5  :  x 
X  =  89-12,  the  percentage  of  chlorine  in  chloroform. 

Group  II. —  Chemical  Problems  involving  both 
Weight  and  Volume  Calculations. 

For  the  conversion  of  the  weights  of  gases  into 
volumes,  it  is  necessary  to  know  either  the  weight  of 
a  litre  of  hydrogen,  or  the  volume  occupied  by  a 
gi'amme  of  hydrogen  ;  the  specific  gravity  of  any  given 
gas  being  known,  it  then  becomes  an  easy  matter  to 
calculate  the  volume  occupied  by  any  given  weight 
of  it. 

The  crith  is  the  weight  of  a  litre  of  hydrogen 
at  0°  C.  and  760  mm.  barometric  pressure,  and  is 
0-0896  of  a  gramme.  The  weight  of  a  litre  of  oxygen, 
the  specific  gravity  of  which  is  16,  would  be  0-0896 
gramme  x  16  ;  the  weight  of  a  litre  of  carbon  dioxide, 
the  specific  gravity  of  which  is  22,  would  be  0-0896 
gramme  X  22 ;  in  fact,  the  weight  of  a  litre  of  any 
gas  is  obtained  by  multiplying  the  crith  by  the  specific 
gravity  of  the  gas.  The  conversion  of  the  weights  of 
gases  into  volumes  is,  however,  facilitated  by  bearing 
in  mind  that  1  gramme  of  hydrogen  occupies  11-2  litres 
(at  0°  C.  and  760  mm.  barometric  pressure).  Now 
since  oxygen  is  16  times  heavier  than  hydrogen,  11-2 
litres  of  oxygen  must  weigh  1 6  times  as  mvich  as  the 
same  volume  of  hydrogen,  that  is,  1 6  grammes ;  again, 
since  carbon  dioxide  is  22  times  heavier  than  hydrogen, 
11-2  litres  of  carbon  dioxide  must  weigh  22  times  as 
much  as  the  same  volume  of  hydrogen,  that  is,  22 
r  F— 32 
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grammes.  In  fact,  the  weight  of  11-2  litres  of  any 
gas  at  0°  C.  and  760  mm.  barometric  pressure  is 
obtained  by  expressing  its  specific  gravity  as  grammes. 

1.  How  many  litres  of  hydrog^en  will  be 
evolved  by  the  action  of  sulpliui-ic  acid  on 
10  gi-ammes  of  zinc  I 

The  equation  representing  the  action  of  sulphuric 
acid  on  zinc  shows  that  2  atoms  of  hydrogen  are 
liberated  by  the  action  of  1  atom  of  zinc  on  sulphuric 
acid. 

Zn    +    H2SO4    =    ZnSO^  + 

The  respective  weights  of  zinc  and  hydrogen  are — 

Zn    =    65  Hg    =    1     X     2    =  2 

Therefore  2  pai-ts  by  weight  of  hydrogen  are 
evolved  by  65  parts  by  weight  of  zinc  from  the 
sulphuric  acid,  and  therefore  2  grammes  of  hydrogen 
are  evolved  by  65  grammes  of  zinc.  What  weight  of 
hydrogen  then  will  be  evolved  by  10  grammes  of  zinc? 

65  :  10  : :  2  :  a; 

X  —  0"307  gramme,  the  weight  of  hydrogen  evolved  by  10 
grammes  of  zinc. 

This  weight  of  hydrogen  must  now  be  converted 
into  litres.  One  gramme  of  hydrogen  occupies  11*2 
litres,  therefore  how  many  litres  wiU  0*307  gramme 
of  hydrogen  occupy? 

1  :  -307  :  :  11-2  :  x 

a;  =  3-43  litres,  the  number  of  liti-es  of  hydrogen  evolved  by 
the  action  of  sulphiiric  acid  on  10  grammes 
of  zinc. 
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2.  HoAv  iiiniiy  litres  of  oxygen  are  evolved 
by  lieiitiiig  50  graiiiiiies  of  potassium 
chlorate  I 

The  equation  representing  the  decomposition  of 
potassium  chlorate  by  heat  shows'  that  1  molecule  of 
potassium  chlorate  yields  3  atoms  of  oxygen. 

KCIO3    =    KOI    +  O3 

The  molecular  weight  of  potassium  chlorate  and 
three  times  the  atomic  weight  of  oxygen  are  next 
calculated. 


K 
CI 

O3  =   16    X  3 


=  39 

=  35-5  O,  =  16  X  3  =  48 
=  48 


122-5 

Therefore  48  parts  by  weight  of  oxygen  are  evolved 
from  122-5  parts  by  weight  of  potassium  chlorate,  and 
therefore  48  grammes  of  oxygen  are  evolved  from 
122-5  grammes  of  potassium  chlorate.  What  weight 
of  oxygen  then  will  be  evolved  from  50  grammes  of 
potassium  chlorate  1 

122-5  :  50  : :  48  :  a; 

X  —  19-59  grammes,  the  weight  of  oxygen  evolved  from  50 
grammes  of  potassium  chlorate. 

This  weight  of  oxygen  must  now  be  converted  into 
litres.  1  gramme  of  hydrogen  occupies  11-2  litres, 
and  as  the  specific  gravity  of  oxygen  is  16,  therefore 
16  grammes  of  oxygen  occupy  11-2  litres.  Therefore, 
how  many  litres  will  19-59  grammes  of  oxygen 
occupy  1 
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16  :  19-59  :  :  11-2  :  x 

x=  13-71  litres,  the  number  of  litres  of  oxygen  evolved 
by  heating  50  gi'ammes  of  potassium 
chlorate. 

3.  How  many  litres  of  sulphur  dioxide 
are  produced  by  burning  5  grammes  of 
sulphur! 

The  molecular  weight  of  sulphur  dioxide 

S  =32 
O2   =    16    X    2   =  32 

64 

shows  that  sulphvir  produces  twice  its  weight  of 
sulphur  dioxide,  and,  therefore,  5  grammes  of  sulphur, 
when  burnt,  would  produce  10  grammes  of  sulpliur 
dioxide. 

This  weight  of  sulphur  dioxide  must  next  be 
converted  into  litres.  1  gramme  of  hydi'ogen  occupies 
11-2  litres,  and  as  the  specific  gravity  of  sulphur 
dioxide  is  32  (half  its  molecular  weight),  therefore 
32  grammes  of  sulphur  dioxide  occupy  11-2  litres. 
Therefore,  how  many  litres  will  10  grammes  of  sulphur 
dioxide  occupy  % 

32  :  10  : :  11-2  :  x 

X  —  3-50  litres,  the  number  of  litres  of  sulphur  dioxide  pro- 
duced by  burning  5  grammes  of  sulphur, 

4.  What  volume  of  nitrog^en  <lioxide  will 
be  produce<l  by  the  action  of  nitric  acid  on 
20  g'rammes  of  copper  1 

The  equation  representing  the  production  of 
nitrogen  dioxide  by  the  action  of  nitric  acid  on  copper 
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shows  that  one  molecule  of  nitrogen  dioxide  is  set  free 
by  3  atoms  of  copper. 

CU3  +   8HNO3   =  3Cu(N03)2  +  N2O3  +  4H2O 

Three  times  the  atomic  weight  of  copper  and  the 
molecular  weight  of  nitrogen  dioxide  are  next  calcu- 
lated. 

No  =  14  X  2  =^  28 
Cug  =  63-5  X   3  =  190  5  O2  =  16  x  2  =  32 

60 

From  these  weights  it  is  evident  that  60  parts  by 
weight  of  nitrogen  dioxide  are  produced  by  the  action 
of  nitric  acid  on  190  5  parts  by  weight  of  copper;  and, 
therefore,  60  grammes  of  nitrogen  dioxide  are  evolved 
by  means  of  190-5  grammes  of  copper.  Therefore,  how 
many  grammes  of  nitrogen  dioxide  will  be  evolved 
by  means  of  20  grammes  of  copper  ? 

190-5  :  20  : :  60  :  a; 

a;  =  6-29  grammes,  the  weight  of  nitrogen  dioxide  produced 
by  the  action  of  nitric  acid  on  20  grammes 
of  copper. 

This  weight  of  nitrogen  dioxide  must  now  be 
converted  into  litres.  1  gramme  of  hydrogen  occupies 
11-2  litres,  and  as  the  specific  gravity  of  nitrogen 
dioxide  is  30,  therefore  30  grammes  of  nitrogen  dioxide 
occupy  11-2  litres.  Therefore,  how  many  litres  will 
6-29  grammes  of  nitrogen  dioxide  occupy? 

30  :  6-29  : :  11-2  :  x 

X  =  2-34  litres,  the  volume  of  nitrogen  dioxide  produced  by 
the  action  of  nitric  acid  on  20  grammes  of 
copper. 
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•  5.  What  volume  of  motliaiic  (marsh  g^as) 
will  be  produced  by  heating;  30  g^rammes 
of  sodium  acetate  with  caustic  soda  I 

The  equation  representing  the  production  of 
methane  from  sodium  acetate  and  caustic  soda  shows 
that  1  molecule  of  sodium  acetate  takes  part  in  the 
production  of  1  molecule  of  methane. 

NaCoHgOj  +  NaHO  =  NaoCOg  +  CH^ 

The  molecular  weights  of  sodium  acetate  and 
methane  are  next  calculated. 

Xa  =  23 

C2  =  12  X  2  =  24  C  =12 

H3  =1x3=3  H4  =1x4=4 

O2  =  16  X  2  =  32  — 

—  16 

82 

From  these  weights  it  is  evident  that  16  parts  by 
weight  of  methane  are  obtainable  from  82  parts  by 
weight  of  sodium  acetate,  and,  therefore,  16  grammes 
of  methane  are  obtainable  from  82  grammes  of  sodium 
acetate.  Thei"efoi*e,  how  many  grammes  of  methane 
will  be  obtained  from  30  grammes  of  sodium  acetate  % 

82  :  30  : :  16  :  a; 

X  =  5"85  grammes,  the  weight  of  methane  produced  by 
heating  30  grammes  of  sodium  acetate  with 
caustic  soda. 

This  weight  of  methane  must  now  be  converted 
into  litres.  1  gramme  of  hydrogen  occupies  11  "2 
litres,  and  as  the  specific  gravity  of  methane  is  8,  there- 
fore 8  grammes  of  methane  occupy  11  "2  litres.  There- 
fore, how  many  litres  will  5 '85  grammes  of  methane 
occupy  1 
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8  :  5-85  ::  11-2  :  x 

3;  =  8-19  litres,  the  volume  of  methane  produced  hy  heating 
30  grammes  of  sodium  acetate  with  caustic 
soda. 

6.  What  volume  of  oxygen  is  required 
to  burn  lO  grammes  of  carbon  to  carbon 
dioxide  1 

The  formula  of  carbon  dioxide  (CO,)  shows  that  1 
atom  of  carbon  requires  2  atoms  of  oxygen  to  form 
carbon  dioxide.  The  atomic  weight  of  carbon  and 
twice  the  atomic  weight  of  oxygen  are  next  taken. 

C  =  12       O2  =  16   X   2  =  32 

From  these  weights  it  is  evident  that  32  parts  by 
weight  of  oxygen  are  required  for  the  combustion  of 
12  parts  by  weight  of  carbon,  and,  therefore,  32 
gi-ammes  of  oxygen  are  required  by  12  grammes  of 
carbon.  Therefore,  how  many  grammes  of  oxygen  are 
required  by  10  grammes  of  carbon? 

12  :  10  :  :  32  :  a; 

X  =  26*66  grammes,  the  weight  of  oxygen  required  to  bum 
10  grammes  of  carbon  to  carbon  dioxide. 

This  weight  of  oxygen  must  now  be  converted  into 
litres.  One  gramme  of  hydrogen  occupies  11-2  litres, 
and  as  the  specific  gravity  of  oxygeii  is  16,  therefore 
1 6  grammes  of  oxygen  occupy  1 1  "2  litres.  Therefore, 
how  many  litres  will  26 '66  grammes  of  oxygen  occupy  1 

16  :  26-66  : :  11-2  :  x 

X  =  18-66  litres,  the  volume  of  oxygen  required  to  burn  10 
grammes  of  carbon  to  carbon  dioxide. 


488 


Chemistry. 


[Part  V. 


7.  How  many  grammes  of  calcium  car- 
bonate will  be  precipitated  by  passing  20 
litres  of  carbon  dioxide  through  lime-water ! 

The  equation  representing  the  action  of  carbon 
dioxide  on  lime-water  shows  that  1  molecule  of  carbon 
dioxide  is  employed  in  the  preparation  of  1  molecule 
of  calcium  carbonate. 

Oa(HO)2    +    COg    =    CaCOg    +  H^O 

The  molecular  weights  of  carbon  dioxide  and 
calcium  carbonate  are  next  calculated. 

0  =  12       Ca  =40 

O2  =  16   X   2  =  32       C  =12 

—        O3  =   16    X    3  =  48 

44   

100 

From  these  weights  it  is  evident  that  44  parts  by- 
weight  of  carbon  dioxide  precipitate  100  parts  by 
Aveight  of  calcium  carbonate,  and  therefore  44  grammes 
of  carbon  dioxide  precipitate  100  grammes  of  calcium 
carbonate. 

One  gramme  of  hydrogen  occupies  11*2  litres,  and 
as  the  specific  gravity  of  carbon  dioxide  v&  22,  there- 
foi'e  22  grammes  of  carbon  dioxide  occupy  11-2  liti'es, 
and  therefoi'e  22  x  2,  or  44  grammes  of  carbon 
dioxide  will  occupy  11  "2  x  2  or  22-4  litres. 

The  previous  calculation  shows  that  100  grammes 
of  calcium  carbonate  are  precipitated  by  44  grammes 
of  carbon  dioxide,  and  as  the  Litter  occupy  22-4  litres, 
therefore  100  grammes  of  calcium  carbonate  are  pre- 
cipitated by  22*4  litres  of  cai'bon  dioxide.  Therefore, 
how  many  grammes  of  calcium  carbonate  will  be  pre- 
cipitated by  20  litres  of  carbon  dioxide  1 
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22-4  :  20  : :  100  :  a; 


X  =  89'28  grammes,  the  weight  of  calcium  carbonate  pre- 
cipitated by  passing  20  litres  of  carbon 
dioxide  tbrough  lime-water. 

§.  How  many  grammes  of  sodium  chlor- 
ide can  be  prepared  from  30  litres  of  hydro- 
chloric acid  gas  I 

The  formulae  of  sodium  chloride  (NaCl)  and  hydro- 
chloric acid  gas  (HCl)  show  that  1  molecule  of  the 
foi-mer  can  be  prepared  from  1  molecule  of  the  latter. 
Theii'  molecular  weights  are  next  calculated. 


From  these  weights  it  is  evident  that  58-5  pai-ts 
by  weight  of  sodium  chloride  can  be  prepared  from 
36-5  ]jarts  by  weight  of  hydrochloric  acid  gas,  and 
therefore  58  "5  grammes  of  sodium  chloride  can  be 
prepared  from  3 6 "5  grammes  of  hydrochloric  acid  gas. 

One  gramme  of  hydrogen  occupies  11  "2  litres,  and 
as  the  specific  gravity  of  hydrochloric  acid  gas  is  18-25, 
therefore  18*25  grammes  of  hydrochloric  acid  gas 
occupy  11*2  litres,  and  therefore  18-25  x  2  or  36-5 
grammes  of  hydrochloric  acid  gas  will  occupy  11-2  x  2 
or  22-4  litres. 

The  previous  calculation  shows  that  58-5  grammes 
of  sodium  chloride  can  be  prepared  from  36-5  grammes 
of  hydrochloric  acid  gas,  and  as  the  latter  occupy  22-4 
litres,  therefore  58-5  grammes  of  sodium  chloride  can 
be  prepared  from  22-4  litres  of  hydrochloric  acid  gas. 
Therefore,  how  many  grammes  of  sodium  chloride  can 
be  prepared  from  50  litres  of  hydrochloric  acid  gas  1 


Na   =  23 
CI     -  35-5 


H    =  1 
a    —  35-5 


58-5 


36-5 
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22-4  :  50  :  :  58'5  :  x 

X  =  130-58  grammes,  the  weight  of  sodium  chloride  that  can 
be  prepared  from  50  litres  of  hydi'ochloric 
acid  gas. 


9.  How  many  gi'amnics  of  aminoiiium 
cliloi'ido  are  required  to  produce  30  litres 
of  auiinouia  gas  I 

The  formulse  of  ammoniuia  chloride  (NH^Cl)  and 
ammonia  gas  (NH^)  show  that  1  molecule  of  the 
former  yields  1  molecule  of  the  latter.  Their  molecular 
weights  are  next  calculated. 

N  =  U  N  =14 

H4  =  lx4=4  H3=lx3=3 
CI  =  35-5  — 

  17 

53-5 

From  these  weights  it  is  evident  that  53-5  parts 
by  weight  of  ammonium  chloride  are  required  to  pro- 
duce 17  parts  by  weight  of  ammonia  gas,  and  there- 
fore 53"5  grammes  of  ammonium  chloride  are  required 
to  produce  17  grammes  of  ammonia  gas. 

One  gramme  of  hydrogen  occupies  11*2  litres,  and 
as  the  specific  gravity  of  ammonia  gas  is  8 "5,  therefore 
8*5  grammes  of  ammonia  gas  occupy  11  "2  litres,  and 
therefore  8 '5  x  2  or  17  grammes  of  ammonia  gas 
occupy  11-2  X  2  or  224  litres. 

The  previous  calculation  shows  that  53-5  grammes 
of  ammonium  chloride  are  required  to  produce 
17  grammes  of  ammonia  gas,  and  as  the  latter  occupy 
22'4  litres,  therefore  53*5  grammes  of  ammonium 
chloride  are  required  to  produce  22*4  litres  of  ammonia 
gas.    Therefore,  how  many  grammes  of  ammonium 
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chloride  are  required  to  produce  30  litres  of  ammonia 
gasl 

22-4  :  30  : :  53-5  :  x 

X  —  71  "65  gi-ammes,  the  weight  of  ammonium  chloride 
required  to  produce  30  litres  of  ammonia 
gas. 

Group  III. — Chemical  Problems  involving  Volume 
Calculations  only. 

The  solution  of  problems  of  this  class  is  a  very 
simple  matter.  It  is  only  necessary  to  write  out  a 
complete  equation  of  the  reaction  involved  in  the 
problem,  and  to  observe  the  relative  numbers  of  the 
molecules  of  the  gases  taking  part  in  the  reaction ; 
since  the  molecules  of  all  gases  occupy  the  same 
space,  the  relative  numbers  of  molecules  expressed  in 
the  equation  represent  the  relative  volumes  of  gases 
taking  part  in  the  reaction.  It  is  quite  immaterial 
whether  the  volumes  of  the  gases  are  expressed  in 
pints,  litres,  gallons,  etc.  (as  will  be  seen  from  the 
following  examples). 

1.  How  many  pints  of  oxygen  are  re^ 
quired  for  the  combustion  of  10  pints  of 
hydi'ogen  I 

The  equation  representing  the  combustion  of 
hydrogen  is  first  written  out. 

2H2      +      03      =  2H2O 

2  molecules.        1  molecule. 

From  this  equation  it  is  evident  that  1  molecule 
of  oxygen  is  required  for  the  combustion  of  2  molecules 
of  hydrogen,  and  since  the  molecules  of  all  gases 
occupy  the  same  space,  therefore  1  pint  of  oxygen 
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will  be  required  for  the  combustion  of  2  pints  of 
hydrogen,  and,  therefore,  for  the  combustion  of  10 
pints  of  hydrogen,  5  pints  of  oxygen  will  be  required. 

2.  How  many  litres  of  oxygen  are  required 
for  the  combustion  of  5  litres  of  sulphuretted 
hydrogen ! 

The  equation  representing  the  combustion  of 
sulphuretted  hydrogen  is  first  written  out. 

2H2S    +  =    2H2O    +  2SO3 

2  molecules.     3  moleoules. 

From  this  equation  it  is  evident  that  3  molecules 
of  oxygen  are  required  for  the  combustion  of  2 
molecules  of  sulphuretted  hydrogen,  and  therefore 
3  litres  of  oxygen  are  required  for  the  combustion  of 
2  litres  of  sulphuretted  hydrogen.  Therefore,  how 
many  litres  of  oxygen  will  be  required  for  the  com- 
bustion of  5  litres  of  sulphuretted  hydrogen  1 

3  litres  of  0  required  for  combustion  of  2  litres  of  YL^ 

li  1 

■'a    )i        »  •)  )>  J-    >)  >> 

7^       ),  M  f       J)  )) 

3.  How  many  gallons  of  carbon  dioxide 
are  produced  by  burning  10  gallons  of 
olcfiant  gas  (ethylene) ! 

The  equation  representing  the  combustion  of 
olefiant  gas  is  first  written  out. 

C2H4    +    3O2    =    2CO3    +  2H2O 

1  molecule.  2  molecules. 

From  this  equation  it  is  evident  that  2  molecules 
of  carbon  dioxide  are  produced  by  burning  1  molecule 
of  olefiant  gas,  and  therefore  2  gallons  of  carbon 
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dioxide  are  produced  by  burning  1  gallon  of  defiant 
gas. 

1  gallon  of  C2H4  produces  2  gallons  of  CO2 
.*.    10  gallons     „     produce  20     ,,  ,, 

4.  How  many  pints  of  oxygen  are  required 
for  the  combustion  of  3  pints  of  marsh  gas 
(methane)  1 

The  equation  representing  the  combustion  of  marsh 
gas  is  first  written  out. 

CH^    +    2O2    =    COo    -f  2H2O 

1  molecule.     2  molecules. 

From  this  equation  it  is  evident  that  2  molecules 
of  oxygen  are  required  for  the  combustion  of  1  molecule 
of  marsh  gas,  and  therefore  2  pints  of  oxygen  are 
required  for  the  combustion  of  1  pint  of  marsh  gas, 
and  therefore  4  pints  of  oxygen  will  be  required  for 
the  combustion  of  2  pints  of  marsh  gas. 

5.  How  many  pints  of  air  are  required 
for  the  combustion  of  2  pints  of  marsh  gas? 

The  problem  is  first  worked  out,  as  in  the  preced- 
ing case,  to  ascertain  the  number  of  pints  of  oxygen 
required  for  the  combustion  of  2  pints  of  marsh  gas ; 
it  was  found  that  4  pints  of  oxygen  were  required. 
It  now  remains  to  ascertain  in  how  many  pints  of  air, 
4  pints  of  oxygen  will  be  contained. 

Now  100  parts  of  air  by  volume  contain  21  parts 
of  oxygen  by  volume.  Therefore,  if  21  pints  of  oxygen 
are  contained  in  100  pints  of  air,  in  how  many  pints 
of  air  will  4  pints  of  oxygen  be  contained  ? 

21  :  4  : :  100  :  a; 

X  —  19-04  pints,  the  number  of  pints  of  air  required  for  the 
combustion  of  2  pints  of  marsh  gas. 
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6.  How  many  g-allons  of  carbon  monoxide 
arc  produced  by  passing  100  gallons  of 
carbon  dioxide  over  heatc<l  charcoal] 

The  equation  representing  the  action  of  carbon 
dioxide  on  heated  charcoal  is  first  written  out. 

200,    +    02    =  4C0 

2  molecvdes.  4  molecules. 

From  this  equation  it  is  evident  that  4  molecules 
of  carbon  monoxide  are  produced  from  2  molecules  of 
carbon  dioxide,'  and  therefore  4  gallons  of  carbon 
monoxide  will  be  produced  from  2  gallons  of  carbon 
dioxide. 

4  gallons  of  CO  are  produced  from     2  gallons  of  COo 

9  1 

•  •       "       11         11  11  ^11  11 

.-.    200       „         „  „  100 

7.  How  many  pints  of  chlorine  are  re- 
quired to  convert  10  pints  of  marsh  gas 
(methane)  into  chloroform ! 

The  equation  representing  the  conversion  of  marsh 
gas  into  chloroform  by  the  action  of  chlorine  is  first 
written  out. 

CH^    +    SClg    =    CHCI3    +  3HC1 

1  molecule.     3  molecules. 

From  this  equation  it  is  evident  that  3  molecules 
of  chlorine  are  required  to  convert  1  molecule  of  marsh 
gas  into  chloroform,  and  therefore  3  pints  of  chlorine 
are  required  to  convert  1  pint  of  marsh  gas  into 
chloroform.  Therefore  30  pints  of  chlorine  are 
required  to  convert  10  pints  of  marsh  gas  into 
chloroform. 
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WEIGHTS 
1  lb.  Avoirdupois  .. 

))  I! 

1  oz.  Avoirdupois... 

1  Vo.  Troy  

))  ,j 

1  oz.  Troy  

1  gullon 
1  pint 

1  fluid  oz.  . . . 
1  fluid  drachia 
1  gallon  of  water  at  62°  F. 
weighs  


AND  MEASURES. 

■=.  16  ozs.  Av. 

=  7,000  grains. 

-  437"o  grains. 

—  12  ozs.  Troy. 

=:  5,760  grains. 

=  480  grains. 

=  8  pints. 

=  20  fluid  ozs. 

=  8  fluid  drachms. 

=.  60  minims. 

-  70,000  grains. 


1  metre  (m.) 


1  litre 


1  pint 

1  fluid  oz.  ... 

1  kilogramme  (kg 

>'  >>  » 
1  gi-amme  ... 


1  lb.  Avoirdupois 
1  oz. 
1  grain 


=  10  decimetres  (dm.). 

=  100  centimetres  (era.). 

=  1,000  millimetres  (mm.). 

=  1,000  cubic  centimetres  (cc). 

=  I '76  pints. 

—  568  cubic  centimetres. 
=  28-4  „ 

=  1,000  grammes  (g.). 

=  2-205  lbs.  Av. 

=  10  decigrammes  (dg.). 

=  100  centigrammes  (eg.). 

-  1,000  milligrammes  (mg.). 

=  15-432  grains. 

=  453-6  grammes. 

^  28-35 

—  64-8  milligrammes. 
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Directions  for  Examining  a  Salt  or  Solution 

CONTAINING    NOT    MORE    THAN    ONE  MeTAL 

AND  ONE  Acid, 


Preliminary  Uxaminaiion. 

If  a  solution,  evaporate  a  small  portion  to  dryness 
and  submit  the  dry  salt  to  the  following  examination. 

(i)  Carefully  note  the  physical  appearance  of  the 
salt,  if  necessary  using  a  magnifying  lens.  Cautiously 
taste  a  minute  fragment  of  the  salt,  being  careful  to 
afterwards  spit  it  out. 

(ii)  Heat  a  small  quantity  in  a  dry  tube  and  care- 
fully notice  if  any  of  the  following  results  occur. 


Results. 

Salt  sublimes 


Phobamly  Indicative  of 

NH4,  Hg  or  As  salt. 
Oxalic  or  Benzoic  Acids. 
Sulphur. 

Pb  or  Bi  salt. 

Zn  salt. 
Nitrate. 

Organic  substance,  such  as 
Tartrate,  Citrate,  Ace- 
tate, Sugar,  Urea,  etc. 


Turns  yellow  and  remains  yellow 
on  cooling   

Turns  yellow,  but  becomes  white 
again  on  cooling 

Brown  fumes  evolved 

Chars  ...   


If  no  charring  occurs,  absence  of  organic  com- 
pounds, with  the  exception  of  oxalates  and  cyanides,  is 
indicated. 

(iii)  Heat  a  small  quantity  in  a  tube  with  strong 
H^SO,. 
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Result. 

Brown  fumes  evolved 

Violet     ,,  ,, 

Greenish    gas    accompanied  by 

explosions 
Colourless  gas  fuming  in  the  air 
Charring    ...  ...   


Indicative  of 

Bromide  or  Nitrate. 
Iodide. 

Chlorate. 

Chloride  or  Nitrate. 
Organic  matter,  such  as 
Tartrate,  Citrate,  etc. 


The  evolution  of  gases  or  odorous  vapours  will  be 
dealt  with  in  Group  I.  for  the  detection  of  acids. 

(iv)  Moisten  a  platinum  wire  with  dil.  HCl,  put 
it  in  the  salt  and  then  insert  in  the  Bunsen  flame. 
Observe  if  any  of  the  following  colours  are  communi- 
cated to  the  flame. 


CoLotna  OF  Flame.  Indicative  of 

Yellow  (giving  to  the  hand  a  Kvid 

colour)    Na. 

Lasting  bright  crimson  flame    . . .  Li. 
Bright    crimson    flame,  fading 

shortly  to  yellow    Sr. 

Faint    reddish     flame  rapidly 

fading    ...    Ca. 

GreenisJb  flame     ...    Cu,  Ba,  or  Boracic  Acid. 

La  vender- tinted  flame.    ...       ...  K. 


G  0—32 
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Chocolate 
p.p. 

Arsenialc. 

Confirm  by 
NH4CI, 
NH4HO, 

and  MgS04 
to  orig. 

White 
granular 
p.p. 

Yellow  p.p. 
Add  dil.  HNO3  to  p.p. 

Insoluble. 

Add  to  orig.  Chlorine 
water  and  Starch 
decoction.- 

Orange 
Colour. 

Bromide. 

Blue 
Colour. 

Iodide. 

SOLOBLB. 

Acidify  orig.  with  HCl 
andaddHaS.  ' 

No  p.p. 

Phosphate. 

Confirm  by 
NH4CI, 
NH4HO, 

and  MgS04 
to  orig. 

Wliite 
granular 
p.p. 

Yellow 
p.p. 

Arsenite. 

Confirm  by 
Eeinsch's 
test  with 
orig. 
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Hints  m  Testing. 


ADDITIONAL  HINTS. 


I.  If  the  orig.  solution  is  strongly  alkaline,  and  carbonates 
are  absent,  the  presence  of  an  alkali  such  as  ammonia,  potash, 
soda,  Ume,  or  baryta  is  indicated.  Ammonia  would  be  detected 
by  its  smell,  the  other  alkalies  by  a  brown  p.p.  on  addition  of 
AgNOj. 

II.  If  the  salt  is  insoluble  in  boiling  water,  attempts  should 
be  made  to  dissolve  it  in  HCl.  If  it  dissolves  without  effer- 
vescence, the  absence  of  a  carbonate  is  indicated.  To  prove  an 
,  oxide,  since  the  metal  has  been  previously  detected,  the  physical 
and  chemical  properties  of  the  oxide  of  that  metal  must  be 
borne  in  mind,  and  searched  for ;  a  few  oxides,  such  as  oxide 
of  mercury,  black  oxide  of  manganese,  and  peroxide  of  lead, 
evolve  oxygen  on  heating ;  litharge  is  of  a  characteristic  yellow 
colour ;  oxide  of  bismuth  of  a  lemon  colour ;  oxide  of  copper 
black,  forming  with  acids  a  green  solution ;  oxide  of  antimony 
a  buff  colour,  dissolving  when  boiled  with  cream  of  tartar  and 
water  ;  ferric  oxide  a  reddish-brown  colour ;  oxide  of  zinc  a 
white  colour,  turning  yellow  when  heated,  but  becoming  white 
again  on  cooling. 

in.  The  following  are  some  of  the  reactions  by  which 
some  of  the  more  commonly  occurring  bodies,  insoluble  in  HCl, 
may  be  recognised : — 

Calmiel  by  its  turning  black  when  treated  with  alkalies,  and 
by  its  volatility. 

Mercuric  Iodide  by  its  scarlet  colour,  and  by  its  turning 
yellow  on  heating  and  scarlet  again  when  the  yellow  modifica- 
cation  is  pressed. 

Mercitrous  Iodide  by  its  dirty-green  colour,  and  by  its 
yielding  some  yellow  and  scarlet  mercuric  iodide  when  heated 
in  a  dry  tube. 

Mei-curous  Oxide  by  its  black  colour,  by  its  evolving  oxygen, 
and  by  its  yielding  a  sublimate  of  metallic  mercury  on  heating. 
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Oxide  of  Silver  by  its  brown  coloui-,  and  by  its  evolving 
oxygen  when  heated,  the  metal  silver  being  left. 

Sulphur  by  its  yellow  colour,  and  bj'^  the  peculiar  odour 
when  burnt. 

Charcoal  by  its  black  colour,  by  its  deflagrating  when  heated 
with  KNO3,  and  bj"-  its  evolving  SO.,  when  boiled  with  strong 
H2SO4. 


INDEX. 


Absolute  alcohol,  402 

Acetiinilide,  469 

Acetate  of  ammoniuni,  129 

 of  aiuyl,  415 

 of  copper,  285 

 of  ethyl,  408 

 of  iron,  270 

 of  lead,  305 

 of  morphine,  447 

 of  potassium,  214 

 of  zinc,  256 

Acetates,  Radical  of,  37 

 ,  Tests  for,  422 

Acetic  acid,  419 

 ,  Tests  for,  422 

 aldehyde,  410 

 ether,  408 

Acetone,  400 
Acetylene,  161,  372 
Acid,  DeBuition  of,  38 

 salt.  Definition  of,  40 

,  Acetic,  419 

— ,  Glacial,  421 
,  Amidacetic,  461 
Amidocaproic,  462- 
Amido-isethionic,  468 
,  Arsenic,  315 
,  Arsenious,  313 
Benzoic,  437 
Boracie,  174 
Boric,  174 
Bromic,  151 
,  Butyric,  422 
Carbazotic,  435 
,  Carbonic,  166 
Cathartic,  HH 
Chloric,  144 
Chlorous,  144 
Chrysoplianic,  469 
,  Citric,  430 
Fluoric,  157 
Fonnic,  418 
GaUic,  440 
Glycocholic,  461 
Hippnric,  438,  461 
Humic,  302 


Acid,  Hydriodic,  154 
Hydrobromic,  149 
Hydrochloric,  136 
Hydrocyanic,  389 
Hydrofluoric,  157 
Hypobrojnous,  151 
Hyjiochlorous,  141 
Hypophospliorous,  186 
Iodic,  156 
lodo-salicylic,  470 
Lactic,  423 
Lithic,  460 
Malic,  428 
Metaboracic,  175 
Metaboric,  175 
Metaphosphoric,  185 
Methylsulphuric,  400 
Muriatic,  136 
Myronic,  465 
Nitric,  120 

Nitro-hydi'ochloric,  139 
Nitrous,  116 
Orthophosplioric,  183 
Oxalic,  425 
Perchloric,  145 
Phenic,  434 
Phosphoric,  183 

 ,  Glacial,  185 

Phosphorous,  186 
Picric,  435 
Prussic,  389 
Pyrogallie,  440 
Pyi-oligneous,  419 
Pyrophosphoric,  184 
Eacemic,  429 
Salicylic,  439 
Sarcolaotic,  423 
Silicic,  171 
Succinic,  427 
Sulphethylic,  409 
Sulphocarbolic,  435 
Sulpho-ichthyolic,  470 
Sulpliovinic,  409 
Sulphuric,  199 
Sulphurous,  197 
Tannic,  441 
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Acid,  Tartaric,  428 

 ,  Thiosulpliuric,  207 

 ,  Trichloracetic,  421 

 ,  Ulmic,  302 

 ,  Uric,  460 

 ,  Valeriauic,  415,  422 

 ,  Valeric,  422 

Acids,  action  on  carbonates,  07 

 ,  action  on  hydrates,  Oy 

  action  on  oxides,  60 

 ,  Fatty,  41S 

 ,  Organic,  349 

 ,  Properties  of,  38,  39 

Acidulous  radicals,  32 

 ,  Bivalent,  37,  88 

 ,  Lists  of,  37,  38 

 ,  Quadrivalent,  38 

 ,  .Sexivalent,  38 

 ,  Trivalent,  38 

 ,  Univalent,  37 

Acrolein,  417 
Aflinity,  Chemical,  5 
Agate,  171 
Air,  100 

 ,  Analysis  of,  104,  105 

 ,  Chemistry  of,  102—110 

 ,  Comiiosition  of,  103,  104 

 ,  Constituents  of,  104 

 dissolved  in  water,  106 

 ,  Composition  of,  100 

 ,  Foul,  109 

 ,  Impurities  of,  104,  109 

 ,  Preparation  of  oxygen  from, 

83 

Aix-la-ChapcUe  water,  98 
Alabaster,  235 
Albumin,  400 

 ,  Acid,  407 

 ,  Alkali,  467 

 ,  Egg,  406 

 ,  Plant,  466 

 ,  Serum,  406 

Albuminoids,  467 
Albumins,  466 

 ,  Allied,  407 

 ,  Derived,  467 

 ,  Modified,  467 

Alcohol,  401 

 ,  Absolute,  402 

 ,  Amyl,  415 

 ,  Butyl,  414 

 ,  Ethyl,  401 

 ,  Methyl,  398 

 ,  Propyl,  414 

Alcohols,  348,  397 

 ,  Diatomic,  348 

 ,  Monatomic,  348,  397 

 ,  Primary  398 

 ,  Secondary,  398 


Alcohols,  Tertiary,  398 

 ,  Triatomic,  348 

Aldehyde,  410 

 ,  Acetic,  410 

 ,  Benzoic,  436 

Aldehydes,  348 
Alkaloids,  350,  446 

 ,  Animal,  350,  451 

 ,  Extraction  of,  446 — 450 

 ,  Liquid,  451 

 ,  Rju-e,  450 

 ,  Vegetable,  446 

 ,  Volatile,  451 

Allotropic  bodies,  159 

Almonds,  Essential  oil  of  bitter, 

390,  430 
Alum,  249 

 ,  Ammonia,  249 

 ,  Burnt,  249 

 ,  Chrome,  249 

 ,  Definition  of,  250 

 ,  Iron,  249 

■  ,  Potash,  249 

 schist,  248 

 shale,  248 

Alumina,  250 
Aluminium,  248 

 bronze,  248,  282 

— —  chloride,  250 

 hydrate,  250 

 ,  Natural  compounds  of,  248 

 oxide,  250 

 ,  Preparation  of,  248 

 siliciite,  248 

 sulphate,  249 

 ,  Tests  for,  250 

Amalgamation  process,  333 
Amalgams,  288 
Amctliyst,  171 
Amidacctic  acid,  461 
Amides,  350,  455 
Amidic  acids,  460 
AJuines,  350,  454 
Ammonia  gas,  123 

 ,  Decomposition  of,  126 

 ,  Preparation  of,  123 

 ,  Properties  of,  125 

 ,  Tests  for,  126 

Ammonia-soda  process,  226 
Ammoniacal  tar  liquor,  125 
Annnonias,  Compound,  850,  454 
Amraonic  salts,  127 — 129 
Ammonium,  127 

 acetate,  129 

 amalgam,  127 

 benzoate,  129 

 bicarbonate,  128 

 bromide,  129 

 carbamate,  128 
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Ammonium  carbonate,  128 

 chloride,  128 

 citrate,  129 

 cyanate,  394 

 nitrate,  129 

 oxalate,  129 

 sulphide,  129 

Ammonium  salts,  128 

 ,  Sources  of,  127 

 ,  Tests  for,  130 

Auiygdalin,  4ti4 
Amyl  acetate,  415 

 alcohol,  415 

 nitrite,  415 

Analysis,  9 

 ,  Methods  of,  496—508 

 of  organic  compounds,  353 — 364 

 ,  Tables  for,  498—506 

 ,  Ultimate,  353 

Analytical  tables,  498—506 
AnliycU'ide,  Arsenic,  313 

 ,  Arsenious,  311 

 ,  Carbonic,  164 

 ,  Clilorous,  140 

 ,  Hypochlorous,  140 

 ,  Nitric,  118 

 ,  Nitrous,  115 

 ,  Phosphoric,  181 

 ,  Phosphorous,  181 

 ,  Silicic,  171 

 ,  Sulphuric,  196 

 ,  Sulphurous,  194 

Aniline,  455 
Animal  black,  160 

 charcoal,  160 

Antifebrine,  409 
Antimonic  chloride,  323 

 oxide,  324 

Antimonious  chloride,  323 

 oxide,  324 

Antimony,  322 

 ,  Black,  322 

 ,  Butter  of,  323 

  ore,  322 

 pentachloride,  323 

 pentoxide,  324 

 ,  Preparation  of,  322 

 sulphide,  322 

 ,  Sulphurated,  325 

 ,  Tartarated,  324 

 ,  Tests  for,  325 

 trichloride,  323 

 trioxide,  824 

Antip\Tine,  469 
Apatite,  177,  236 
Apollinaris  water,  98 
Apomorphine,  447 
Aquafortis,  120 
A(j[ua  Regia,  121,  139 


Aqueous  vapour  in  the  air,  107 
Argentum,  18 
Argol,  212,  428 
Aiomatic  group,  431 
Arseniates,  Radical  of,  88 
Arsenic,  311 

  acid,  315 

 anhydride,  313 

 ,  Antidote  for,  271 

 in  wall-papers,  314 

 oxide,  312 

 ,  White,  311,  312 

Ai-senicum,  310 

 chloride,  316 

 iodide,  316 

 ,  Natural  compounds  of,  810 

 pentoxide,  312 

 ,  Preparation  of,  310 

 ,  Properties  of,  Zt\ 

 ,  Tests  for,  317 

 trioxide,  311 

Arsenious  acid,  313 

 anhydride,  311 

 oxide,  311 

Ai-senites,  Radical  of,  38 
^U-seniuretted  hydrogen,  310 
Asbestos,  172,  243 
Atmosphere,  Analysis  of,  104,  105 

 ,  Chemistry  of,  102—110 

 ,  Composition  of,  103,  104 

 ,  Impurities  of,  104,  109 

 ,  Preparation  of  oxygen  from 

88 

Atomic  hypothesis,  Dalton's,  15 

 theory,  14 

 weights,  13,  14 

Atomicity,  23 

 ,  Change  of,  26 

 ,  Graphic  representation  of,  25 

Atoms,  15 
Aurum,  13 

Avogadro  and  Ampere's  hypotlie 
sis,  17 


Balraain's  luminous  paint,  240 
Barffs  process,  265 
Barium,  241 

 chloride,  241 

 dioxide,  242 

 hydrate,  242 

 ,  Natural  compounds  of,  241 

 nitrate,  241 

 oxide,  241 

 peroxide,  242 

 ,  Tests  for,  242 

Baryta,  241 

 process  for  propariiig  oxygen. 
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Baryta,  Slaked,  242 

 water,  242 

Bases,  Definition  of,  39,  40 

 ,  Properties  of,  39 

Bath  waters,  98 
Bauxite,  248 
Beer,  403 
Bell  metal,  282 
Benzene,  432 

 collas,  438 

 derivatives,  431 

 ring,  431 

Benzoic  acid,  437 

 aldehyde,  436 

Benzol,  432 
Benzoleue,  370 
Bessemer  process,  262 
Bismuth,  330 

 citrate)  331 

 nitrate,  330 

 oxide,  331 

 oxycarbonate,  331 

 oxyuitrate,  330 

 ,  Tests  for,  332 

Bittern,  147 
Bivalent  elements,  22 
Black  antimony,  322 
Black  tlux,  317 
Blacklead,  1(50 
Blast  furnace,  26{) 
Bleaching  powder,  142 
Blende,  251 

Blood,  detection  in  iiriue,  100 

Bluestone,  284 

Blue  vitriol,  284 

Bone-black,  100 

Boracic  acid,  174 

 ,  Tests  for,  17u 

 ,  Volcanic,  174 

Borates,  Radical  of,  30,  38 

Borax,  170 

Boric  acid,  174 

 ,  Tests  for,  175 

Boron,  174 

Brimdy,  403 

Bmss,  254,  282 
Brimstone,  191 
Bristol  waters,  98 
Britannia  metal,  322 
Bromates,  Radical  of,  37 
Bromic  acid,  151 
Bromide  of  ammonium,  129 
Bromides,  Radical  of,  37 
Bromine,  147 

 ,  Oxyacids  of,  151 

 ,  Preparation  of,  147 

 ,  Properties  of,  148 

 ,  Pm-iflcatiou  of,  148 

Bromine,  Som-ces  of,  147 


Bromine,  Tests  for,  149 
Bronze,  282,  327 
Brucia,  450 
Bmcine,  450 
Butter  of  antimony,  323 
Butyl  alcohol,  414 

 chloral,  414 

 hydrate,  414 

Butyric  acid,  422 


Caffeine,  469 
Calamine,  251 
Oalc  spar,  235 
Calcium,  235 

 carbonate,  237 

 ,  Native,  235 

 ,  Precipitated,  237 

 chloride,  236 

 fluoride,  236 

 hydrate,  237 

 hypochlorite,  142 

 hypophosphite,  187 

 ,  Natural  compounds  of,  235 

 oxide,  237 

 phosphate,  239 

 silicate,  236 

 sulphate,  235 

 ,  Native,  235 

 sulphide,  240 

 superphosphate,  239 

 ,  Tests  for,  240 

Calomel,  291 

 ,  Formula  of,  51 — 53 

Camphor,  442 

Candle  flame,  Stru(!ture  of,  374 
Caramel,  382 
Carbamide,  456 
Carbazotic  acid,  435 
Carbinol,  397 
Carbohydrates,  348,  377 
Carbolic  acid,  434 
Carbon,  159 

 ,  Allotropic  forms  of,  159  • 

 ,  A^norphous  forms  of,  159 

160 

 ,  Crystalline  forms  of,  159 

 ,  estimation  in  organic  coni 

pounds,  353 

 ,  Properties  of,  161 

 ,  Test  for,  162 

 bisulphide,  169 

 dioxide,  164 

 ,  Preparation  of,  164 

 ,  Properties  of,  166 

 ,  Test  for,  168 

 in  air,  86,  108 

 ,  Amount  of,  108 

 ,  Detection  of,  109 
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Ciubou  dioxiile  in  air,  Estimation 
of,  10!) 

 ,  Sources  of,  lOS 

 ill  blood,  80 

 ,  removal  from  air,  86 

 (lisiiipliide,  109 

 monoxide,  102 

 ,  Preparation  of,  102 

 ,  Properties  of,  102 

 ,  Test  for,  104 

 oxjcliloride,  108 

Carbonate  of  ammonium,  128 

 of  barium,  241 

 of  bismutli,  331 

 of  calcium,  237 

 of  iron,  207 

 of  lead,  300 

 of  lithium,  233 

 of  niagnesiuiii,  244 

 of  potassium,  212 

 of  sodium,  223 

 of  zinc,  255 

Carbonates,  Radical  of,  38 
Carbonic  acid,  100 

 gas,  104 

 anhydiide,  104 

 oxide,  102 

Carbonyl  chloride,  108 
Carboxyl  radical,  349 
Carburettcd     hydrogen,  Heavy, 
370 

 ,  Light,  308 

Carlsbad  water,  98 
Carualite,  212 
Casein,  407 
Cast  iron,  258 
Cathartic  acid,  464 
Caustic  potash,  213 

 soda,  227 

Cellulose,  379 
Cement,  Portland,  239 

 ,  Roman,  239 

Cementation  process,  262 
Clialk,  235 

 ,  French,  172 

 ,  Prepared,  237 

Oialk-stones,  400 
Champagne,  403 
Charcoal,  Aiinial,  100 

 ,  Woo<l,  160 

Cheltenham  waters,  98 
Chemical  affinity,  0 

 attraction,  0 

 combination.  Laws  of,  19 

 ,  1st  law  of,  19 

■ —  ,  2iid  law  of,  19,  20 

 ,  3rd  law  of,  21 

 and  heat,  7 

 comixiunds,  5 

H  H— 32 


Chemical  compounds,  distinction 
from  mixtures,  5 

 equations.  Examples  of,  58 — 70 

 ,  Varieties  of,  58,  59 

 ,  Writing  of,  58 

 problems,  473—494 

Chemistry,  Definition  of,  9 

 ,  Inorganic,  71 

Chili  saltpetre,  222 
China  clay,  171 
Chloral,  411 

 hydrate,  412 

Chlorate  of  potassium,  145 
Chlorates,  Radical  of,  37 
Chloric  acid,  144 
Chloride  of  aluminium,  250 

 of  ammonium,  128 

 of  antimony,  323 

 of  arseuicum,  310 

 of  barium,  241 

 of  calcium,  230 

 of  ethyl,  405 

 of  gold,  338 

 of  iron,  267,  209 

 of  lime,  142 

 (if  mercuiy,  290,  291 

 of  methyl,  399 

 of  platinum,  337 

 of  sodium,  222 

 of  sulphur,  209 

 of  tin,  328 

 of  zinc,  255 

Chlorides,  Radical  of,  37 
Chlorinated  bodies,  142 — 144 

 lime,  142 

 potash,  143 

 soda,  143 

Chlorine,  131 

 as  a  disinfectant,  135 

 as  a  supporter  of  combustion, 

134 

 ,  Compounds  of  oxygen  and, 

139 

 ,  estimation  iu  oigauic  com- 
pounds, 363 

 monoxide,  140 

 ,  Oxyacids  of,  141 

 peroxide,  141 

 ,  Preparation  of,  131—134 

 ,  Properties  of,  134—136 

 ,  Tests  for,  136 

 tetioxide,  141 

 trioxide,  140 

Chlorofonn,  412 
Chlorous  acid,  144 
Chlorous  anhydride,  140 
Choke-damp,  164 
Chondrin,  468 
Chrysarobiii,  409 
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Chroiiiates,  Radical  of,  38 
C'liioiiie  iiluiii,  240,  280 

 ii'im  ore,  278 

  red,  308 

 yellow,  308 

Chromic  acid,  280 

 anliydride,  270 

Chromium,  278 

 oxides,  270 

 ,  Test  for,  280 

Clirysoiilinnic  acid,  400 
Cinnabar,  287 
Citrates,  Radical  of,  38 
Citric  acid,  430 
Claret,  403 
Clay,  171,  248 

 ,  China,  171 

 ironstone,  258 

Coal,  101 
 <ras,  373 

 ,  Composition  of,  374 

Cobalt,  280 
Codeine,  448 
Cohesion,  1 
Coke,  101 
Colcothar,  273 
Collodion,  380 
Colocytithin,  405 

Combining  weights  of  elements,  18 
Combustion,  74 

 ,  Supjiorter  of,  74,  75 

Compound,  Delinition  of,  0 
Compounds,  Molecules  of,  10 
Concrete,  230 
Condv's  green  fluid,  218 

 red  fluid,  218 

Conine,  451 

Constitutional  formula'.,  53,  54 
Copper,  281 

 aceto-ai-senite,  314 

 ,  Action  of  acids  on,  283 

 alloys,  282 

 arsenite,  285,  314 

 ,  Natural  compounds  of,  281 

 nitrate,  285 

 oxides,  284,  235 

 oxyacetate,  285 

 ,  Preparation  of,  281 

 ,  Troijerties  of,  281 

 pyrites,  281 

 sulphate,  284 

 ,  Tests  for,  280 

Cojiperas,  200 
Coral,  235 

Corrosive  sublimate,  200 
Cotton-wool,  380 
Cream  of  tartar,  428 
Creasote,  420 
Critli,  74,  481 


j  Crocus,  273 

Croton  chloral,  414 
Cryolite,  222,  248 
Cu])ellation  process,  300 
Cupric  oxide,  264 
Cui)rous  oxide,  285 
Cuprum,  13 

Cyanate  of  ammonium,  304 

 of  potiissium,  304 

Cyanates,  Radical  (jf,  34,  37 
Cyanide  of  ethyl,  303 

 of  methyl,  303 

 of  potassium,  388 

Cyain'des,  Alcoholic,  303 

 ,  Radical  of,  S7 

Cyanogen,  385 

 ,  Preparation  of,  385 

 ,  Properties  of,  385 

 ,  Tests  for,  380 


Dalton's  atomic  hypothesis,  15 
Deacon's  process,  133 
Decay,  344 
Deliquescence,  05 
Destructive  distillation,  344 
Dextrin,  370 

 ,  Test  for,  370 

Dextrose,  382 

Diabetic  urine,  Test  for  sugar  in, 

383 

Dialyzed  iron,  271 

Diamond,  150 

Dibasic,  Meaning  of,  39 

Diffusion  experiment,  107 

 of  gases,  77 

 ,  Graham's  law  of,  77 

Digitalin,  405 

Di-methyl  ketone,  400 

Di-uitrocellulose,  3S0 
1  Distillation,  Destructive  or  diT, 
;  344 

I   ,  Fractional,  402 

i   Dolomite,  243 

I   Donovan's  solution,  310 

'  Drinking  waters,  Sources  of,  00 

i  Diy  distillation,  344 

Dutch  liquid,  371 

Dutch  metal,  282 

Dyad  elements,  22 

Dynamit*,  417 


Earthenware,  173 

 ,  Glaze  of,  173 

Effervescing  medicine,  215 
Efflorescence,  05 
Electrolysis  of  water,  82 
Element,  Definition  of,  0 
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Elements,  FonmiUe  of,  40,  47 

 ,  Gaseous,  11 

 ,  Licinul,  11 

 ,  List  of,  10 

 ,  Molecules  of,  16 

 ,  Soliil,  n,  1-2 

Emerald  green,  M14 
Einery  i)Owtler,  248 
Empirical  fornuilre,  53 
Ems  water,  OS 
Emulsin,  4:iij,  4(i4 
Epsom  salts,  243 

 ,  ilistinction  from  oxalic 

acid,  244 

 ,  zinc  sulphate, 

244 

 water,  98 

Equations,  Cliissilii^ition  of,  Ou 

 ,  Examples  of,  58—70 

 ,  Varieties  of,  58,  o'J 

 ,  Veritication  of,  05 

 ,  Writing  of,  58 

Essence  of  mirbaiie,  434 
Etching  on  glass,  158 
Ethane,  370 
Ethene,  370 

 Glycol,  415 

Ether,  405 

 ,  Acetic,  40S 

 ,  Nitrous,  407 

 ,  Oxalic,  40(1 

 ,  Ozonic,  100 

Ethereal  salts,  349 
Etherifleation  process,  40l> 
Ethers,  348 
Ethiop's  mineral,  2Si(> 
Ethyl  acetate,  40S 

 alcohol,  401 

• — -  aldehyde,  410 

 •  chloride,  405 

- — •  cyanide,  393 

 ether,  405 

— — •  hydrosulphide,  409 

 ioilide,  405 

 mei'captan,  409 

 nitrite,  407 

■  oxalate,  409 

Etliyleue,  370 

Eiuliometric  analysis  of  air,  104 


Fats,  443 
Fatty  acids,  418 
Fehliug's  solution,  383 

 test,  383 

FelsiKir,  171,  248 
FeiTiient,  Nitrifying,  122 
Fermentation,  344 


Fermentation,  Lactic  acid,  423 

Ferments,  345 

 ,  Non-organised,  345 

 ,  Organised,  345 

Ferric  acetate,  270 

 chloride,  209 

 ,  Foi  iuula  of,  47,  48,  50 

 hydrate,  271 

I   nitrate,  270 

 oxide,  272 

 oxyhydrate,  272 

 salts,  Tests  for,  270 

 suljihatc,  270 

I''erric  salts,  Constitution  of,  31 

Ferricyanide  of  potassium,  392 

Ferricyanides,  Radical  of,  38 

FerrDcyanide  of  potassium,  S86 

Ferrocyanides,  Radical  of,  38 

Ferrous  arseniate,  209 

 carbonate,  207 

  chloride,  207 

 iodide,  208 

 lihosphate,  268 

 salts.  Tests  for,  275 

 sulphate,  266 

 sulphide,  208 

Ferruni,  13 

Fibrin,  467 

Fibrinogen,  407 

Fire-damp,  308 

Flame,  Structure  of,  374 

Flint,  171 

Fluor  spar,  230 

Fluoric  acid,  157 

Fluoi  ides,  Radical  of,  37 

Fluorine,  157 

Formates,  Radical  of,  37 

Formic  acid,  418 

Formula,  Definition  of,  41 

Formuhe,  41 — 54 
I   ■,  Apparently  Abnormal,  47 

 ,  Calculation  of,  304 

 ,  Constitutional,  53,  54,  300 

 ,  Construction  of,  41—40 

 ,  Emjiirical,  53,  305 

I  ■  ,  Molecular,  53,  54,  365 

 of  elements,  40 

 ,  Rational,  53,  54,  366 

Fowler's  solution,  313 

Fractional  distillation,  402 

French  chalk,  172 

Fur  in  boilers,  97 
t    Fusel  oil,  415 

i 

'  Galena,  209 
Gallic  acid,  440 
Galvanised  iron,  254 
!  Gas  flame,  Structure  of,  374 


5>6 


Chemistry. 


Gaseous  elements,  11 
Gases,  1,  2 

 ,  Ditl'usion  of,  77 

 ,  Specific  gravities  of,  49 

Gelatin,  468 

Geniian  silver,  254,  280,  282 
Gin,  403 

Glacial  acetic  acid,  421 

 phosphoric  acid,  185 

Glass,  172 

 ,  Bottle,  172 

 ,  Coloured,  173 

 ,  Crown,  172 

 ,  Crystal,  172 

 ,  Etching  ou,  158 

 ,  Fliut,  172 

 ,  Hard,  172 

 ,  Potash,  172 

 ,  Soluble,  172 

 ,  Soda,  172 

 ,  AVindow,  172 

Glauber's  salts,  228 
Glaze,  173 
Globulins,  4G0 
Glucose,  382 

 ,  Properties  of,  382 

 ,  Test  for,  883 

Glucosides,  351,  461 
Glycerine,  410 
Glyceryl  oleate,  443 

 palniltate,  443 

 stearate,  443 

Glycine,  461 
Glycocholic  acid,  461 
Glycociue,  401 
GlycocoU,  401 
Glycogen,  378 

 ,  Test  for,  879 

Glycol,  415 
Gold,  837 

 ,  Alloys  of,  837 

 chloride,  338 

Goulard  water,  300 
Graham's  law,  77 
Granite,  171,  248 
Graphite,  160 
Green  copperas,  260 

 vitriol,  200 

Gun-cotton,  381 
Gun-nietal,  282J 
Gypsum,  235 


Ua;niatite,  258 
Hiemoglobiu,  467 
Halogen  elements,  131 
Haloid  ethers,  349 
Hard  water,  90 

Hardness  of  water,  Permaueut,  97 


Hardness  of  water.  Temporary,  90 

HaiTOgate  water,  98 

Hartshorn,  Spirit  of,  125 

Heiit  from  chemical  combination,  7 

 combustion,  7,  8 

Heat,  Latent,  4 
Heavy  spai-,  241 
Hexad  elements,  22 
Hippurio  acid,  438,  461 
Hock,  403 

Homologous  series,  348 
Hydrargyrum,  13 
Hydrates,  Radical  of,  37 
Hydriodic  acid,  154 

 ,  Pre])aration  of,  154 

 ,  Tests  for,  155 

Hydrobroniic  acid,  149 

— ^  ,  Preparation  of,  149 

 ,  Tests  for,  150 

Hydrocarbons,  846,  868 
Hydrochloric  acid,  136 

 ,  Preparation  of,  136 

 ,  Properties  of,  138 

 ,  Tests  for,  139 

Hydrocyanic  acid,  380 

 ,  Antidote  for,  391 

 ,  Preparation  of,  389 

 ,  Properties  of,  390 

 ,  Test  fo)',  391 

Hydrofluoric  acid,  157 
Hydrogen,  71 

 ,  estimation  in  organic  com- 
pounds, 353 

 ,  occurrence  in  nature,  71 

 ,  Preparation  of,  71,  72,  73 

 ,  Properties  of,  74 

 ,  Test  for,  78 

 dioxide,  98 

 ,  Preparation  of,  99 

 ,  Properties  of,  99 

 ,  Test  for,  100 

 peroxide,  98 

 persulphide,  207 

Hydrorjuinone,  430 
Hypnone,  470 
Hypobromite  of  soda,  151 
Hypochlorites,  Radical  of,  37 
Hypochlorous  acid,  141 

 anhydride,  140 

Hypophosiihites,  187 
Hypopliosphorous  acid,  186 
Hyposulphite  of  soda,  208 


Iceland  s])ar,  235 
Ichthyol,  470 

Impurities  of  the  air,  104,  109 
Infusorial  earth,  171 
Inorganic  chemistry,  71 
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lodates,  Radical  of,  37 

Io<lic  aciil,  10(> 

Iodide  of  arseniouin,  :iUi 

 of  etliyl,  40j 

 of  iron,  26S 

 of  lead,  307 

 of  niercui-y,  292,  293 

 of  inetliyl,  400 

 of  nitrogen,  15ti 

 of  jiotassium,  21(i 

lotlides,  R;idical  of,  37 
Iodine,  152 

 ,  Chlorides  of,  150 

 in  sea-weeds,  152 

 ,  Occurrence  in  nature  of,  152 

 ,  Preparation  of,  152 

 ,  Properties  of,  153 

 ,  Purilieation  of,  153 

 ,  Tests  for,  153 

Iodoform,  413 
lodol,  470 
Iron,  258 

 acetate,  270 

 ,  Action  of  acids  on,  265 

 alum,  249 

 and  ammonium  citrate,  271 

— —  and  quinine  citrate,  272 

 arseniate,  209 

 ,  Atomicity  or  quautivalence  of, 

30,  31 

  carbonate,  267 

 ,  Cast,  258 

 ,  Chlorides  of,  207,  269 

 ,  Dialysed,  271 

 ,  Galvanised,  254 

 hydrate,  271 

 iodide,  208 

 ,  Magnetic  oxide  of,  273 

 ,  Natural  compounds  of,  258 

 nitrate,  290 

 ore.  Magnetic,  258 

 ,  Spathic,  258 

 ,  Oxides  of,  272,  273 

  peracetate,  270 

 perchloride,  269 

 periiitrate,  270 

 persulphate,  270 

 phosphate,  208 

 ,  Pig,  261 

 ,  Preparation  of,  258 

 ,  Properties  of,  203 

 protosulphate,  206 

 pyrites,  258 

 ,  Red  oxide  of,  273 

 ,  Reduced,  264 

 ,  Scale  compounds  of,  271 

 ,  Sulphates  of,  266,  270 

 ,  SiUphides  of,  258,  268 

 ,  Tartarated,  272 


Iron,  Testa  for,  273 

 ,  Wrought,  201 

Ironstone,  Clay,  258 
Isomeric  bodies,  351 
Ivory-black,  100 


Jalapin,  405 
Jasper,  171 


Kairine,  471 
Kalinni,  13 
Kaolin,  171 
Kelp,  152 

Kermes,  Mineral,  825 
Ketones,  350 


Lactic  acid,  423 

 fermentation,  423 

Lactose,  384 

 ,  Test  for,  384 

Lampblack,  101 

Latent  heat,  4 

Laughing  gas,  111 

Laws  of  chemical  combination,  19, 

20,  21 
Lead,  299 

 acetate,  305 

 ,  Action  of  acids  on,  302 

 carbonate,  300 

 cliromate,  308 

 dioxide,  304 

 in  drinking-waters,  301 

 iodide,  307 

 ,  Natural  compounds  of,  299 

 nitrate,  306 

 oxide,  303 

 ,  Oxitles  of,  303 

 oxyacetate,  305 

  peroxide,  304 

 ,  Preparation  of,  299 

 ,  Properties  of,  301 

 ,  Puce-coloured  oxide  of,  304 

 ,  Red  oxide  of,  304 

 suboxide,  303 

I   ,  Sugar  of,  305 

 ,  Tests  for,  308 

'  ;  White,  306 

Leamington  water,  98 

Leblanc  process,  224 

Lfij)idolite,  232 

Leucine,  402 

Leucomaines,  451 

Levulose,  383 

Ligniu,  380 

Lime,  237 

 ,  Carbonate  of,  237 
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Lime,  Slaked,  237 
Lime-kiln,  287 
Lime-light,  76 
Limestone,  235 
Lime-water,  238 
— — ,  Saccliavated,  23S 
Liquid  elements,  11 
Liquids,  1,  2 

 ,  Porosity  of,  3 

Litliarge,  303 
Lithia  water,  233 
Litliic  acid,  460 
Lithium,  232 

 bicarbonate,  233 

 (-arbonate,  233 

 citrate,  233 

 ,  Natural  compounds  of,  232 

 ,  Test  for,  234 

Litie,  495 
Loadstone,  25S 

J aicifer  matches,  Phosphorus  in,  ISO 


Magnesia,  245 

 ,  Heavy,  245 

 ,  Light,  245 

Magnesite,  243 
Magnesium,  243 

 bicarbonate,  245 

 carbonate,  244 

 citrate,  245 

 metal,  243 

 ,  Natural  com]iound.s  of,  243 

 oxide,  245 

 sulphate,  243 

 ,  Test  for,  24(i 

Magnetic  iron  ore,  25S 
Malachite,  2S1 
Malic  acid,  4l8 
Maltose,  384 
Malvern  water,  98 
Manganese,  277 

 ,  Black  oxide  of,  277 

 chloride,  277 

 sulphate,  277 

 ,  Tests  for,  27S 

Marble,  235 

JIarsh  gas,  308 

Marsh's  t«st,  31<i 

Massicot,  303 

Matches,  Safety,  180 

Mat  hick  water,  98 

Matter,  Change  of  form  of,  3 

 ,  Forms  of,  1 

Measures,  495 
Meerschaum,  172,  243 
Mercaptan,  409 
Mercuric  chloride,  290 
  cyanide  205 


MiMcuric  iodidi^,  292 

  nitrate,  294 

 oleate,  290 

 oxide,  294 

 salts,  Test«  for,  297 

 sulphate,  290 

 suliihide,  290 

!   Mercurous  chloride,  291 

 ,  Formula  of,  51,  52 

 iodide,  293 

  nitrate,  294 

 oxide,  295 

 salts.  Tests  for,  298 

 suljihate,  290 

Mercury,  287 

 ,  Action  of  acids  on,  288 

 ,  Ammoniated,  295 

 bichloride,  290 

 binio<Iide,  292 

 ,  Black  oxide  of,  295 

 ,  Chlorides  of,  2i)0,  291 

  cyanide,  295 

 ,  Green  iodide  of,  293 

 ,  Iodides  of,  292,  293 

 ,  Natural  compounds  of,  287 

 ,  Nitrates  of,  294 

 ,  Oleate  of,  290 

 ,  Oxides  of,  294,  295 

 pcrcliloride,  290 

 ,  Preparation  of,  287 

 ,  Pi'opcrties  of,  288 

 ,  Red  iodide  of,  292 

 ,  Red  oxide  of,  294 

 ,  subchloride,  201 

 ,  Suliiliates  of,  290 

 sulphide,  290 

 ,  Tests  for,  290 

 ,  Yellow  oxide  of,  294 

Meliiboracic  acid,  175 
Aletalioric  acid,  175 
Metapliosphoric  acid,  185 
Metals,  Classification  of,  210 

 ,  List  of,  10 

 ,  Noble,  211 

 of  the  alkalies,  210 

 of  the  alkaline  earths,  210 

 of  the  earths,  210 

 ,  Properties  of,  11 

Methane,  308 
Methyl  alcohol,  398 

 chloride,  399 

 cyanitle,  393 

 ether,  400 

 iodide,  400 

 mercaptan,  400 

 oxide,  400 

Methylated  spirit,  399 
Mctliylbenzene,  433 
Methylsulphuric  acid,  400 
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Mica,  248 

Microvosiiiic  salt,  22S 
Milk  iirsulpliur,  193 
-Mineral  rouge,  273 

 watei-s,  08 

 ,  Alkaline,  98 

 ,  Aperient  saline,  98 

  — -,  Calcareous,  98 

 ,  Chalybeate,  98 

 ,  Suliiliiu-etteil,  98 

Minium,  304 

Mirbane,  Essence  of,  434 
Mixtures,  5 

 ,  ilistiuction  from  compounds,  5 

Molecular  forniulaj,  53,  54 

 weights,  48 

 -,  Calculation  of,  48 

Molecules,  15 

 of  connwunila,  10 

 of  elements,  1(5 

Monail  elements,  22 
Monob)».sic,  Meaning  of,  39 
Mono-nitrocelluloso,  3S0 
Morphia,  44ti 
Morphine,  446 

 ■  acetjite,  447 

 hydroelilorate,  447 

 ,  Tests  for,  447 

Mortar,  238 
Mucin,  4<i7 

Multiple  proportions,  Combinntiou 

in,  19,  20 
Muutz  metal,  282 
Muriatic  acid,  130 
Myosin,  407 
Myronic  acid,  405 
JIvtiloxine,  453 
Xiiphtha,  Wood,  399 
Naphthalene,  471 
Xaphthol,  471 
Xatrium,  13 
Xessler's  solution,  293 

 t«st,  127,  293 

Nickel,  280 

 plating,  280 

Nicotine,  451 

Nitrate  of  ammonium,  129 

 of  liai-ium,  241 

 of  bismuth,  330 

 of  copper,  285 

 of  iron,  270 

 of  lead,  300 

 of  mercury,  294 

 of  potassium,  215 

 of  silver,  334 

 of  sodium,  222 

Nitrates,  122 

 in  drinking  waters,  122 

 ,  Natural  production  of,  1 22 


Nitrates,  Radical  of,  34,  37 
Nitre,  122 

 ,  Cubic,  222 

Nitric  acid,  120 

 ,  Action  on  metals  of,  09 

70 

 ,  fuming,  121 

 ,  Prejiaration  of,  120 

- —  ,  Properties  of,  120 

 ,  Tests  for,  121 

 ,  Yellow,  121 

Nitric  anhydride,  118 

 peroxide,  117 

Nitrifying  ferment,  122 
Nitrils,  351 

Nitrites,  Radical  of,  34,  37 
Nitrobenzene,  434 
Nitrobenzol,  434 
Nitrogen,  101 

- — ,  estimation  in  organic  com- 
pounds, 359 

 of  the  air,  101,  100 

 ,  Preparation  of,  101,  102 

 ,  Properties  of,  103 

 ,  Test  for,  103 

Nitrogen  dioxide,  113 

 — ;  Preparation  of,  113 

 ,  Properties  of,  114 

 ,  Test  for,  115 

Nitrogen  iodide,  150 
Nitrogen  monoxide.  111 

 ,  Preparation  of,  111 

 ,  Proi)erties  of.  111,  112 

 ,  Test  for,  112,  113 

 ,  Oxi<les  of,  111 

 peutoxide,  118 

 ,  Preparation  of,  118 

 ,  Proi)erties  of,  1  IS 

 tetroxide,  117 

 ,  Preparation  of,  117 

 ,  Properties  of,  117 

 ,  Test  for,  118 

 trioxide,  115 

 ,  Preparation  of,  115 

 ,  Properties  of,  110 

 ,  Test  for,  117 

Nitroglycerine,  417 
Nitrous  acid,  110 

 anhydriile,  115 

 ether,  407 

 oxide.  111 

Non-metals,  List  of,  10 
Nordhansen  sulphuric  acid,  203 


I   Oil  of  bitter  almonds,  430 

,  ,  Artilicial,  434 

 of  vitriol,  202 

I   of  wine,  407 
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Olefiaut  gas,  370 
Oletlne  series,  370 
Oleflnes,  34G 
Oleiii,  443 
Oolite,  235 
Opal,  171 

Opium,  Detection  of,  447 
Organic  acitls,  349 
 bixlies,  340 

 compounds,  Classification  of, 

34a 

 ,  Definition  of,  340 

 ,  Estimation  of  carbon 

and  hydrogen  in,  353,  358 
 ,  Estimation  of  chlorine 

in,  303 

 ,  of  nitrogen  in,  359 

 ,  of  sulphur  in,  303 

 radicals,  342 

Organised  bodies,  342 
Orpimcnt,  :110 
Orthopliospboric  acid,  183 
Oxalate  of  ammonium,  129 
Oxalates,  Kadical  of,  38 
Oxalic  acid,  425 

 ,  Tests  for,  427 

Oxatyl  radicuil,  349 
Oxide  of  aluminium,  250 

 of  antimony,  324 

 of  barium,  241 

 of  bismuth,  331 

 of  calcium,  237 

 of  chromium,  279 

 of  copper,  284,  285 

 of  iron,  272,  273 

 of  lead,  303,  804 

 of  magnesium,  245 

 of  manganese,  277 

 of  mercui  y,  294,  295 

 of  silver,  334 

- — -  of  tin,  328 

 of  zinc,  255 

Oxides  of  chlorine,  139 

 of  nitrogen.  111 

 ,  Radical  of,  35,  37 

Oxygen,  79 

 and  respiration,  85 

 ,  Discovery  of,  79 

 in  the  blood,  85,  86 

 ,  occurrence  in  nature,  79 

 of  the  air,  104 

 ,  preparation  by  baryta  pro- 
cess, 84 

 ,  by  chlorine  process,  S3 

 ,  by  electricity,  82 

 ,  by  mercury  process,  84 

 ,  from  air,  83 

 ,  from  ivater,  81 

 ,  of,  79—84 


Oxygen,  Properties  of,  84 

 ,  solubility  in  water,  St 

 ,  Test  for,"  85 

Oxygenated  water,  98 
Ozone,  87 

 in  the  air,  87, 109 

 ,  Detection   of,  80, 

90 

 ,  Preparation  of,  88 

 ,  Properties  of,  89 

 ,  Tests  for,  89 

Ozonic  etlier,  100 


Palniitin,  448 
Paraftin  series,  3(58 
Paraffins,  340 
Paraglobulin,  4()(3 
Paraldeliyde,  410 
Pattiiison's  process,  301 
Pearl  ash,  212 

 white,  331 

Peat,  161 

Pentiid  elements,  22 
Pepsin,  345 
Peptones,  467 
Perchloride  acid,  145 
Permanent  hardness  of  water,  97 
Peroxide  of  hydrogen,  98 
Persulphide  of  hydrogen,  207 
Petalite,  232 
Petroleum,  370 
Pewter,  302,  327 
Phenic  acid,  434 
Phenol,  434 
Phenylacetamide,  409 
Plicnylamine,  455 
Pliosgene  gas,  168 
Phosphate  of  calcium,  239 

 of  iron,  268 

 of  sodium,  228 

 and  ammoniuni,  228 

Phosphates,  Rjidical  of,  :U>,  38 
Pliosphine,  187 
Phosplioretted  hydrogen,  187 

 ,  Gaseous,  187 

 ,  Liquid,  183 

Phosphoric  acid,  183 

 ,  Preparation  of,  183 

 ,  Tests  for,  184 

 ,  Glacial,  185 

 anhydride,  182 

 chloride,  189 

Pliosphorite,  177,  236 
Phosphorous  acid,  186 

 anhydride,  181 

 chloride,  189 

Phosphorus,  177 

 ,  AUotropic  forms  of,  178 
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Pliosi>lioViis,  Amorphous,  180 

 ,  Bi-ioilide,  190 

 iu  animal  tissues,  177 

 iu  plants,  177 

 ,  Ordinary,  17S 

 ,  Oxides  of,  ISl,  182 

 ,  Pentiibroniide  of,  100 

 ,  Pentacliloride  of,  189 

 ,  Pentoxide  of,  182 

 ,  Properties  of,  179,  180 

 ,  Red,  180 

 ,  lYibroniide  of,  190 

 -,  Trichloride  of,  189 

 ,  Tri-iixliile  of,  190 

 ,  Tri-oxide  of,  181 

 ,  Use  in  lucifer  matches  of,  180 

 ,  Yellow,  178 

Picric  acid,  435 
Pis;  iron,  261 
Plaster  of  Paris,  230 
Platinum,  330 

 chloride,  337 

 ,  Spongy,  337 

Plumbago,  100 
Plumbum,  13 
Polymeric,  bodies,  352 
Porcelain,  173 

 ,  Glaze  of,  173 

Porosity  of  liquids,  3 

 of  solids,  2,  3 

Port,  403 

Portland  cement,  239 
Pouish,  Uicluomate  of,  279 

 ,  Caustic,  213 

 ,  Chlorate  of,  145 

 felspar,  211 

 ,  Red  chromate  of,  279 

 ,  Red  mauganate  of,  218 

 ,  Red  prussiate  of,  393 

 ,  Sulph\irated,  220 

 ,  Yellow  chromate  of,  278 

 ,  Y'ellow  prussiate  of,  380 

Potassium,  211 

 acetate,  214 

 acid  tartrate,  212 

 bicarbonate,  213 

 bromide,  217 

 chlorate,  145 

 chloride,  210 

 chromate,  278 

 citrate,  214 

 cyanatc,  394 

 cyanide,  388 

 difhroniatc,  279 

 ferrieyauide,  392 

 ferrocyanide,  380 

 hydrate,  213 

 in  plants,  211 

 iodide,  210 


Potassium  manganate,  21 S 

 ,  Natural  compounds  of,  211 

  nitrate,  215 

 nitrite,  210 

 permanganate,  218 

 as  a  disinfectant,  210 

 ,  Preparation  of  metal,  212 

 ,  Properties  of,  212 

 sulphate,  215 

 sulplioeyanate,  395 

 sulphocyanide,  395 

  tartrate,  214 

 ,  Tests  for,  220 

Potato-oil,  415 

Precipitated  sulphur,  192 

Problems,  Chemical,  473—491 

Proof  spirit,  403 

Propene,  372 

Propyl  alcohol,  414 

Proteids,  400 

Prussian  blue,  387 

Prussic  acid,  389 

Ptomaines,  350,  451 

Ptyaliu,  345 

Puddling  process,  262 

Pumice  stone,  172 

Putrefaction,  345 

Putty  powder,  329 

Pyrites,  Iron,  258 

Pyrocatechin,  436 

Pyrogallic  acid,  440 

Pyrolignoous  acid,  419 

Pyvolusite,  277 

Pyropliosphoric  acid,  184 

PjTOxylin,  380 

Pyrrol,  470 


Quadrivalent  elements,  22 
Quantivalence,  23 

 ,  Change  of,  26 

 ,  Grai)hic  representation  nf,  25 

Quantivalences  of  elements.  List 

of,  22 
Quartz,  171 
Quicksilver,  288 
Quinia,  448 
Quinine,  448 

 sulphate,  448 

 ,  Tests  for,  449 

Quinquivalent  elements,  22 


Radical,  Definition  of,  82 
Radicals,  32,  33 

 ,  Acidulous,  32 

 ,  Graphic  representation 

of  33,  30 
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nadicals,  Bivalent,  37 
 ,  Coiiipoimd,  33 

 ,  Elementary,  'Ai 

■ — -,  Lists  of,  :t7,  3S 

 ,  Quadrivalent,  3S 

 ,  Sexivalent,  38 

 ,  Trivalent,  38 

 ,  Univalent,  37 

Rain-water,  9G 

Rat-pastes,  Composition  of,  179 

Realgar,  310 

Rectified  spirit,  -103 

Red  lead,  304 

Rod  ])rccipitate,  294 

Red  prussiate  of  potAsli,  393 

Reinsch's  test,  318 

Resorcin,  435 

Respiration,  85 

Roclielle  salt,  230 

Rock  crystal,  171 

Rook  salt,  131,  222 

Roman  cement,  239 

Ruby,  248 

Rust,  205 


Saccliaiiitcd  lime-water,  238 
iSaccliariue,  471 
Saecliarose,  381 
bafety  matches,  180 
8al-amrai>niae,  128 
Salicin,  405 
Salicylic  acid,  439 

 ^  ,  Artificial,  439 

 ,  Natural,  439 

Salol,  471 
Salt.  222 

 ,  Common,  222 

 (if  sorrel,  420 

 ,  Rock,  222 

Saltpetre,  122 

 ,  Chili,  222 

Salts,  Uctinitiou  of,  40 
Sand,  171 
Sandstone,  171 
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leading  Teachers  in  well-  known  Medical  Schools.  This  ensures 
the  practical  utility  of  the  Series,  while  the  introduction  of  the 
results  of  the  latest  scientific  researclies,  British  and  Foreign, 
will  recommend  them  also  to  Practitioners  who  desire  to  keep 
pace  with  the  swift  strides  that  are  being  made  in  Medicine 
and  Surgery. 

New  and  valuable  Illustrations  are  freely  introduced.  The 
Manuals  are  printed  in  clear  type,  upon  good  paper.  They  are 
of  a  size  convenient  for  the  pocket,  and  bound  in  limp  cloth. 


A  Manual  of  Chemistry :  Inorganic  and  Organic,  with 
an  Introduction  to  the  Stu.ly  of  Chemistry.  For  the  Use  of  Students 
of  Medicine.  By  ARTm:R  P.  Lui.r,  M.D.,  B.Scj  (Lond.).  M.R.C.P.  ; 
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certainly  second  to  none  in  the  laneuage.  The  author  is  evidently  well  read  In  the 
literature  of  the  subject,  and  has  nowTiere  failed  to  describe  what  Is  best  up  to  date.  The 
model  of  what  such  a  *ork  should       "  — Bristol  Me>iv:o-Chirur,fu:ai  yourtuil 
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List  of  Clinical  Manuals  [continued). 
Diseases  of  the  Breast.     By  Thomas  Bryant, 

F.R.CS.,    Surgeon    to,   and    Lecturer    on    Surgery   at,  Guy's 
Hospital.    With  8  Chromo  Plates.  98. 
"  Mr.  Bryant  is  so  well  known,  both  as  an  author  and  a  surgeon,  that  we  are  absolved 
from  the  necessity  of  speaking  fully  or  critically  of  his  work." — The  Lancet, 

Syphilis.  By  Jonathan  Hutchinson,  F.R.S.,  F.R.C.S., 

Consulting  Surgeon  to  the  London  Hospital  and  to  the  Royal 
London  Ophthalmic  Hospital.  With  8  Chromo  Plates.  9s. 
A  valuable  addition  to  the  series  of  CUnical  Manuals  of  its  publisher^,  by  an  expert 
and  accomplished  writer,  moderate  in  tone,  judicious  in  spirit,  and  yet  expressing?  the 
decided  convictions  of  one  whose  experience  entitles  him  to  speak  with  authority.  The 
student,  no  matter  what  may  be  hjs  a^e,  will  find  in  this  compact  treatise  a  valuable 
presentation  of  a  vastly  important  subject.  We  know  of  no  better  or  more  compre- 
hensive treatise  on  syphilis." — Medical  News,  Philadelphxa, 

Fractures  and  Dislocations.    By  T.  Pickering 

Pick,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at,  St.  George's 

Hospital.  8s.  6d. 
"  We  must  express  the  pleasure  with  which  we  have  perused  the  book,  and_  our 
especial  admiration  for  the  lucidity  of  the  author's  style,  ancl  the  simplicity  of  his  direc- 
tions for  the  application  of  apparatus ;  in  the  latter  respect  it  is  always  difficult  to 
combine  clearness  with  brevity,  but  herein  Mr.  Pick  has  been  most  successful" — 
GlcLsgoiv  Medical  yourttaL 

Surgical  Diseases  of  the  Kidney.    By  Henry 

Morris,  M.B.,  F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Surgery  at, 

Middlesex  Hospital.    With  6  Chromo  Plates.  98. 
"  Mr.  Morris  writes  clearly  and  forcibly,  and  handles  his  subject  verjr  thoroughly,  so 
that  the  reader  rises  from  the  perusal  of  the  work  impressed  with  its  importance.  It 
would  be  difficult  to  find  these  subjects  treated  more  carefully  and  thoroughly." — British 
Medical  journal. 

Insanity  and  Allied  Neuroses.    By  George  H. 

Savage,  M.D.,  Medical  Superintendent  and  Resident  Physician  to 
Bethlem  Royal  Hospital,  and  Lecturer  on  Mental  Diseases  at  Guy's 
Hospital.   88.  6d. 
"  Dr.  Savage's  grouping  of  insanity  is  practical  and  convenient,  and  the  observations 
on  each  group  are  acute,  extensive,  and  well  arranged."— 77i«  Laticet. 

Ditestinal  Obstruction.     By  Frederick  Treves, 

F.R.C.S.,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  the  London 

Hospital.    8s.  6d. 
"  Throughout  the  work  there  is  abundant  evidence  of  patient  labour,  acute  observa- 
tion, and  sound  reasoning,  and  we  believe  Mr.  Treves's  book  will  do  much  to  advance 
our  knowledge  of  a  very  difficult  subject." — The  Lancet. 

Diseases  of  the   Tongue.      By   H,  T.  Butlin, 

F.R.C.S.,  Assistant  Surgeon  to  St.  Bartholomew's  Hospital.  With 

8  Chromo  Plates.  98. 
"Mr.  Butlin  may  be  congratulated  upon  having  written  an  excellent  manual,  scientific 
in  tone,  practical  in  aim,  and  elegant  in  literary  form.    The  coloured  plates  rival,  if  not 
excel,  some  of  the  most  careful  specimens  of  art  to  be  found  in  the  pages  of  European 
medical  pubUcations." — British  Medical  younial. 

Stirgical  Diseases  of  Children.      By  Edmund 

Owen,  M.B.,  F.R.C.S.,  Senior  Surgeon  to  the  Children's  Hospital, 
Great  Ormond  Street,  and  Surgeon  to,  and  Co- Lecturer  on  Surgery 
at,  St.  Mary's  Hospital.    With  4  Chromo  Plates.  98. 
"  Mr.  Owen's  volume  will  rank  as  an  invaluable  r^sunU  of  the  subject  on  which  it 

treats,  and  should  readily  take  its  place  as  a  reliable  and  compact  guide  to  the  surgery 

of  children." — Medical  Press  and  Circular. 

Casteii  <t  Company,  Limited,  Ludgatt  Hill,  London. 


5 


Published  by  Cassell  &'  Company. 


The  Treatment  of  Typhoid  Fever,  Especially  bv 

"Antiseptic"  Remedies.  By  I.  Burney  Yeo,  M.D.,  F.R.C.P!, 
Professor  of  Clinical  Therapeutics  in  King's  College,  London,  and 
Physician  to  the  Hospital.    Is.  6(1. 

Medical  Handbook  of  Life  Assurance.    For  the 

use  of  Medical  and  other  Officers  of  Companies.  By  James  Edward 
Pollock,  M.D.,  F.R.C.P.  (Consulting  Physician  to  the  Hospital  for 
Consumption  and  Diseases  of  the  Chest,  Brompton) ;  and  James 
Chishol.m  (Fellow  of  the  Institute  of  Actuaries,  London,  and  of  the 
Faculty  of  Actuaries,  Scotland).     7s.  6d. 


The   Influence  of   Clothing   on  Health.  By 

Frederick  Treves,  F.R.C.S.  2s. 

The  Eye,  Ear,  and  Throat  (The  Management  of). 

The  Eye  and  Sight.  By  Henry  Power,  M.B.,  F.R.C.S.  The 
Ear  and  Hearing.  By  George  P.  Field.  The  Throat, 
Voice,  and  Speech.  By  John  S.  Bristowe,  M.D.,  F.R.S. 
3s.  6d. 

Health  at  School.   By  Clement  Dukes,  M.D.,  B.S. 

Physician  to  Rugby  School  and  to  Rugby  Hospital.    Vs.  6d. 

An  Address  in  School  Hygiene.    By  Clement 

DuKKS,  M.D.  Loml.,  M.R.C.P.  Lond.    Demy  8vo.  Is. 

Climate  and  Health  Resorts.   By  I.  Burney  Yeo, 

M.D.,  F.R.C.P.,  Physician  to  King's  College  Hospital.  New  and 
Cheaper  Edition.    With  an  Appendix.    7s.  6d. 


Vaccination  Vindicated:  Being  an  Answer  to  the 
Leading  Anti-Vaccinators.  By  John  C.  McVail,  M.D.,  D.P.H. 
Camb.  ;  Physician  to  the  Kilmarnock  Infirmary ;  Medical  Officer 
of  Health,  Kilmarnock ;  President  of  the  Sanitary  Association  of 
Scotland,  &c,  5s. 

The  Natural  History  of  Cow-Pox  and  Vaccinal 

SyphUis.   By  Charles  Crkighton,  M.D.  3s. 


A  Handbook  of  Nursing  for  the  Home  and  for  the 
Hospital.  By  Catherine  J.  Wood,  Lady  Superintendent  of  the 
Hospital  for  Sick  Children,  Great  Ormond  Street.  Tenth  and  Cheap 
Edition.    Is.  6d.  ;  cloth,  23. 

"A  book  which  every  mother  of  a  family  ought  to  have,  as  wellaseverj' 
nurse  under  training." — Guardiati. 

A  Handbook  for  the  Nursing  of  Sick  Children. 

With  a  few  Hints  on  their  Management.  By  Catherine  J.  Wood. 
2s.  6d. 

"  Miss  Wood's  book  is  succinct,  clearly  written,  and  goes  straight  to 
the  heart  of  each  detail  in  a  thoroughly  bu<;iness-like  (^\\\on."— Health. 

Casseil  <f  Cntn"--ftv,  Ltmit€d,  L<^-it:<i!t  Hill,  London. 
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Issued  Yearly,    About  500  J>a^es  Svo,  price  7s.  6d. 

The  Year-Book  of  Treatment. 

A  Critical  Review  for  Practitioners  of  Medicine. 

"  In  this  useful  publication  there  is  no  indication  of  any 
decline  in  the  industry  of  the  contributors,  in  the  collection  of 
fit  materials,  or  in  the  critical  value  of  their  remarks  on  new 
therapeutic  procedures.  On  the  contrary,  experience  seems  to 
have  perfected  their  judgment.  In  fact,  the  whole  volume  is 
full  of  good  things,  and  will  prove  a  great  boon  to  the 
busy  practitioner.  .  .  .  It  is  a  hook  of  extreme  valtte  to 
all  who  in  these  busy  times  find  it  difficult  to  keep  pace 
with  the  ever-advancing  march  of  the  science  and  art  of 
medicine. " —  The  Lancet. 

"This  handbook  contains  a  zvonderftilly  co?nplete  summary- 
review  of  the  methods  of  treatment,  new  or  resuscitated,  which 
have  been  advocated  during  the  year  with  which  it  deals." — 
British  Medical fouriial. 

"  The  cause  of  the  signal  favour  with  which  the  work  has 
been  welcomed  is  probably  to  be  found  in  the  long  list  of  well- 
known  names  to  be  found  in  the  list  of  contributors  to  the  work, 
each  division  being  written  by  a  different  hand."^ — Medical  Press 
and  Circular. 

"  A  vast  mass  of  valuable  information  and  accumulated 
experience  is  published  each  week,  but  scattered  in  the 
numerous  periodicals  in  English,  French,  and  German  ;  and,  in 
the  midst  of  much  that  it  would  benefit  no  one  to  remember, 
it  is  very  apt  to  be  overlooked.  It  is  obvious  that  the  busy 
practitioner  cannot  wade  through  this  heterogeneous  collection, 
and  he  will  hail  with  delight  a  guide  which  gives  him  a  selection 
of  the  new  methods  of  treatment  in  use  both  here  and  on  the 
Continent,  and  at  the  same  time  an  estimate  of  their  value  by 
men  who,  by  their  special  reading  and  hospital  experience,  have 
made  themselves  pre-eminent  in  the  branch  they  have  super- 
vised. .  .  .  We  can  strongly  recoi/vnejid  the  book  to  all 
practitioners,  and  w-e  shall  not  be  exaggerating  if  we  say  that 
this  book  is  one  of  that  class  which  it  is  an  econo?ny  to  possess." — 
London  Medical  Recorder. 

"This  valuable  annual  may  be  commended  to  the  attention  i 
of  those  who  are  on  the  outlook  for  a  comprehensive  atid  reliable  ■* 
summary  of  therapeutic  progress  in  every  branch  of  medicine  and 
surgery." —  Gtasgoiv  Medical fournal. 

"That  this  book  has  met  a  long  felt  ivattt  its  rapid  and 
extensive  sale  abundantly  testifies." — Liveipool  Medico-Chirur- 
gical  Journal. 

Casselt  &•  Com/any,  Limited,  Ludgate  Hill,  London. 
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Authoritative  Work  on  Health  by  Eminent  Physicians 
and  Surgeotts. 

The  Book  of  Health. 

A  Systematic  Treatise  for  the  Professional  and  General  Reader 
upon  the  Science  and  the  Preservation  of  Health    .  21s, 

Roxburgh  25s. 
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"  '  The  Book  of  Health,' "  says  the  Lancet,  "  is  what  it  aims 
to  be — authoritative,  and  must  become  a  sta^idard  work  ot 
reference  not  only  with  those  who  are  responsible  for  the  health 
of  schools,  workshops,  and  other  establishments  where  there  is 
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commtmity  who  is  anxious  to  secure  the  highest  possible  degree 
of  healthy  living  for  himself  and  for  his  family." 


Cassell  &  Company's  COMPLETE  CATALOGUE,  containing 
partictilars  of  upwards  of  One  Thousand  Volumes,  including 
Bibles  and  Religious  Works,  Illustrated  and  Fine-Art  Volumes, 
Children's  Books,  Dictionaries,  Educational  Works,  History, 
Natural  History,  Household  and  Domestic  Treatises,  Science, 
Travels,  ^c,  together  with  a  Synopsis  of  their  numerous 
Hhistrated  Serial  Publications,  sent  post  free  on  application. 

CASSELL  &  COMPANY,  Limited,  Ludgate  Hill,  London; 
Pans  Melbourne. 


S 


